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MCnOR PROTEINS AND METHODS FOR THEIR USE 

CROSS-REFERENCE TO RELATED APPLICATION 
The present plication is a continuation-in-part of United States 

Patent AppKcation No. 09/632,344 ffled August 3, 2001 wbidi is incorporated by 

reference in its entirety for all puiposes. 

FIELD OF THE INVENTION 

The invention provides isolated nucleic acid and amino acid sequences of HsKip3d, 
methods of detecting HsBCipSd and screening for HsKipBd modulators using 
biologically active HsKip3d, and kits for screening for HsKip3d modulators. 

BACKGROUND OF THE INVENTION 

The kmesin superfiunily is an extended family of related microtubule motor proteins. 
It can be classified into at least 8 subj&milies based on primary amino acid sequence, 
domain slructure, velocity of movement, and cellular function. This family is 
exemplified by "true" kinesin, ^f^ich was first isolated fix>m llie axoplasm of squid, 
where it is believed to play a role in anterograde axonal tran^ort of vesicles and 
organelles {see, e.g., Goldstem,.4nit«. Rev. Genet, 27:319-351 (1993)). Kinesmuses 
ATP to generate force and directional movemmt associated witfi microtubules (fiom 
the minus to the plus end of the microtubule, hence it is a "plus-end directed" motor). 

Within tiiis functional group of kmesins resides a groiq) of kinesins fiom several 
organisms that share significant sequence homology. These include Drosophila 
Klp67A, & pombe BC2F12.13, S. pombe BC649.01c, S. cerevisiae Kip3, and 
HsKiflc. 

Drosophila Klp67A has been shown to be a plus end-dhected motor. This activity 
implicates KPL67A in the localization of mitochondria m undiflFerentiated cell types. 
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In situ hybridization studies of the KLP67A mRNA during embiyogenesis and larval 
central nervous system development indicate a proliferation-specific expression 
pattern. Whein aflSnity-purified anti-KLP67A antisera are used to stain blastodenn 
embiyos, noitochondria in the region of the spindle asters are labeled. These data 
5 suggest that KLP67A is a mitotic motor with the role of positioning mitochondria 
near the spiodle. 

The discovacy of a new kjnesin motor proton, and more particularly, one having 
sequence homology to KLP67A, and tiie polynucleotides encoding it satisfies a need 
. 10 in ttie art by providing new conqx)sitions which are usefiil in flie diagnosis, 

prevention, and tieatanent of cancer, neurological disorders, and disorders of vesicular 
transport 

SUMMARY OF THE INVENTION 

15 

The present invention is based on the discovoy of a new human kinesm motor 
protein, HaKipSd, flie polynucleotide encoding HsKipSd, and the use of these 
compositions for the diagnosis, treatment, of prevention of cancer, neurological 
disorders, and disordiocs of vesicular transport 

20 

In one aspect, tiie invention provides an isolated nucleic acid sequence encoding a 
kinesin superfemily motor protdn, whraein the motor protein has the fi>llowing 
propCTties: (i) tiie protdn's activity includes microtubule stimulated ATPase activity, 
and (ii) the protdn has a sequence that has greater than 70% amino add sequoMe 
25 identity to SEQ ID NO:2 or SEQ ID NO:4 as measured using a sequence comparison 
algorithm. In one embodiment, the protein fiorflier specifically binds to polyclonal 
antibodies raised against SEQ ID N0:2 or SEQ ID N0:4. 

In one embodiment, the nucldc acid encodes HsKipSd or a fragment thereof. In 
30 another embodiment, the nucldc acid encodes SEQ ID N0:2 or SEQ ID N0:4. In 
another embodiment, tiie nucldc acid has a nucleotide sequence of SEQ ID NO: 1 or 
SEQIDN0:3. 



2 
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In one aspect, tiie nucleic acid comprises a sequence yvidch. oicodes an amino acid 
sequence which has greater than 70% sequence identity with SEQ ID N0:2 or SEQ 
ID N0:4, preferably greater than 80%, more preferably greater tiian 85% or 90%, 
more preferably greats than 95% or, in anotiier embodiment, has 98 to 100% 
5 sequence idraitity with SEQ ID N0:2 or SEQ ID N0:4. 

la one embodiment, the nucldc add comprises a sequence which has greater than 55 
or 60% sequence identity with SEQ ID N0:1 or SEQ E) N0:3, preferably greater 
than 70%, more preferably greater flian 80%, more preferably greats than 90 or 95% 
10 or, in anotber embodiment, has 98 to 100% sequence identity wifli SEQ ID NO:l or 
SEQ ID N0:3. M another embodiment provided herein, fbs nucleic add hybridizes 
undw stringent conditiQas to a micldc add having a sequence or complementary 
sequence of SEQ ID N0:1 or SEQ ID N0:3. 

15 . In ano&ff aspect, the invaition provides an expresfflon vector conpia^ 

add encoding a kinesin si^a&nily motor protein, wherein die motor protein has the 
following properties: (i) theprotdn's activity includes microtubule stimulated ATPase 
activity, and (ii) the protein has a sequence that has greater than 70% amino add 
sequence identity to SEQ ID NO:2 or SEQ ID N0:4 as measured using a sequence 

20 comparison algorithm. The invention further provides a host cell transfected with the 

viBctor. 

In anotiier aspect, tiie invention provides an isolated kinesin siq>er£miily motor 
protein, wherein tiie protein has one or more of the properties described above. In one 
25 embodiment, the protein specificaUy binds to polyclonal antibodies generated against 
a motor domain, tail domain or other fragment of HsKipSd. In another embodiment, 
the protein comprises an amino add sequence of SEQ ID N0:2 or SEQ ID N0:4. 

- in one aspect, the protdn provided herein comprises an amino acid sequence which 
30 has greater than 70% sequence identity with SEQ ID N0:2 or SEQ ID N0:4, 
preferably greater than 80% or 85%, more preferably greater than 90%, more 
preferably greater than 95% or, in ano&er embodiment, has 98 to 100% sequence 
identity wilh SEQ ID N0:2 or SEQ ID N0:4. 
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The invention features a substantially purified polypeptide comprising the amino acid 
sequence of SEQ ID NO:2 or SEQ ID N0:4 or a fiagmeut thereof and more 
particularly, the motor domain of the amino acid sequence of SEQ ID N0:2 or a 
fragment thereof such as SEQ ID N0:4. 

5 . 

Jn one embodiment, the present invention provides a method of identifying a 
candidate agent as a modulator of the activity of a target protein. The method 
con^rises adding a candidate agent to a mixture comprising a target protein that 
directly or indirectly produces ADP or phosphate, under conditions that normally 

10 allow flie production of ADP or phosphate. The me*hod further coiqirises subjecting 
the mixture to a reaction that uses said ADP or phosphate as a substrate under 
conditions that normally allow Ae ADP or phosphate to be utilized and detemuning 
tfie level of activity of flie reaction as a measure of the concentration of ADP or 
phosphate. A change in the level between ttie presence and absence of the candidate 

IS agent indicates a modulator oftfae target protein. 

The phrase **use ADP or phosphate" means that the ADP or phosphate are directly 
acted upon by detection reagents. Iii one case, the ADP, for example, can be 
hydrolyzed or can be phosphorylated. As another example, the phosphate can be 
20 added to another compound. As used harem, in each of these cases, ADP or 
phosphate is acting as a substrate. . 

Preferably, the target protein either directly or indirectiy produces ADP or phosphate 
and comprises a motor domaiiL More preferably, the target protein comprises a 
,25 kinesin superfamily motor protein as described above and most preferably, the target 
protein comprises HsKipSd or a fragmmt thereof. 

Also provided are modulators of the target protein including agmts for the treatment 
of cellular proliferation, including cancer, hyperplasias, restenosis, cardiac 
30 hypertrophy, inunune disorders and inflarmnation. The agents and compositions 
provided herein can be used in variety of plications which include the formulation 
of sprays, powders, and other corr5)Ositions. Also provided herem are methods of 
treating cellular proliferation disorders such as canca:, hyperplasias, restenosis. 
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5 



20 



cardiac hypertrophy, inunune disorders and inflaimnation, for treating disoidos 
associated with HsKip3d activity, and for inhibiting HsKipSd. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a nucldc acid sequence and amino add sequence of HsICip3d (SEQ 
ID NO: 1 and 2) A motor domain fiagment (residues 1-352) is indicated in bold&ce. 



Figure 2 shows a nucleic acid sequence encoding a motor domain fiagment of 
10 HsKip3d(SEQIDNO:3). 

Figure 3 shows ttie amino add sequence of the motor domain fragment shown in Fig. 
2.(SEQIDNO:4). 

15 Figure 4 shows expression proffle of HsKip3d in different tissues. 

DETAILED DESCRIPTION OF TBDE INVENTION 



Definitions 



"ADP" refers to adenosine diphosphate and also inchides ADP analogs, including, but 
not limited to, deoxyadenosine diphosphate (dADP) and adenosine analogs. 
"Antibody" refers to a polypeptide substantially encoded by an immunoglobulin gene 
or immunoglobulin genes, or fragments fliereof which specifically bind and recognize 

25 an analyte (antigen). The recognized immunoglobulin genes nicludeflie kappa, 
lambda, alpha, gamma, delta, epsUon and mu constant region genes, as weU as the 
myriad immunoglobulin variable region genes. light chains are classified as dther 
kappa or lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsUon. 
which in turn define flie immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, 

30 respectively. The tenmanbTwdy also includes antibody fragments dttier produced by 
the modification of whole antibodies or those synthesized de novo using recombinant 
DNA mettiodologies. 
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An "anti-HsKjp3d" antibody is an antibody or antibody fragment that specifically 
binds a polypeptide encoded by tiie HsKip3d gene, cDNA, or a subsequence thereof. 

"Biologically active" target protein refers to a target protein that has one or more of 
5 kmesin protein's biological activities, including, but not limited to microtubule 
stimulated ATPase activity, as tested, e.g., in an ATPase assay. Biological activity 
can also be demonstrated in a microtubule gliding assay or a microtubule binding . 
assay. "ATPase activity" refers to ability to hydiolyze ATP. Other activities include 
polymerization/depolymerization (efBects on microtubule dynamics), binding to otha: 
10 proteins of the spindle, binding to proteins involved in cell-cycle control, or serving as 
a substrate to other enzymes, such as kinases or proteases and specific kinesin cellular 
activities, such as chromosome congregation, axonal transport, etc. 

"Biological sample" as used herein is a sample of biological tissue or fluid that 
15 contains ^ target protein or a fiagment tiiereof or nucleic add encoding a target 

protein or a fragment thereof Biological samples may also include sections of tissues 
such as frozen sections taken for histological purposes. A biological sanq)le 
comprises at least one cell, preferably plant or vertebrate. Bmbodunents include cells 
obtamed fix)m a eukaryotic organism, preferably eukaryotes such as fimgi, ^ 

20 insects, protozoa, birds, fish, rq)tiles, and preferably a mammal such as rat, mice, 
cow, dog, guinea pig, or rabbit, and most preferably a priinate such as chinq) 

humans. 

A "comparison window' includes reference to a segmmt of any one of the number of 
25 contiguous positions selected bom tiie groiq> consisting of &om 25 to 600, usually 
about 50 to about 200, more usually about 100 to about 150 in which a sequence may 
be compared to a referrace sequence of tibie same number of contiguous positions after 
the two sequences are optimally aligned. Methods of alignment of sequences for 
conq)arison are well-known in the art. Optimalalignmentof sequences for 
30 conqiarison can be conducted, e.g., by the local homology algorithm of Smith & 
Waterman, Adv. Appl. Math. 2:482 (1981), by the global aUgnment algorithm of 
Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by flie search for similarity 
methods of Pearson & Lipman, Prod. Nati. Acad. Sd. USA 85:2444 (1988) and 
Altschul et al. Nucleic Acids Res. 25(17): 3389-3402 (1997), by computerized 
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implementations of these algorithms (GAP, BESTFTT, FASTA, and BLAST in the 
Wisconsin Genetics Software Package, Genetics Computer Groiq), 575 Science Dr., 
Madison, WI), or by manual alignment and visual inspection (see, e.g., Ausubel et al., 
siqira). 

5 

This algorithm involves first identifying high scoring sequence pairs (HSPs) by 
identifying short words of lengdi W in the query sequence, which either match or 
satisfy some positive-valued threshold score T when aKgned with a word of the same 
lengfli in a database sequence. T is referred to as the neighborhood word score 
10 threshold (Altschul et al, saprsu). These initial ndghboihood word hits act as seeds 
for hutiating searches to fed loriger HSPs containmgtheuL The word hits are then 
extended in both directions along each sequence for as 6r as the cumulative 
aligmnent score can be increased Cumulative scores are calculated using, for 
nucleotide sequences, the parameters M (reward score for a pan: of matching residues; 
15 always >0) and N (penalty score for mismatchmg residues; always <0). Foramino 
add sequences, a scoring matrix is used to calcukte the cumulative SM^ Extension 
of the word hits in each direction are halted when: the cumulative aUgnment score 
Ms off by the quantity X ftom its maxunum achieved vahie; the cumulative score 
goes to zero or below, due to the accumulation of one or more negative-scoring 
20 residue aUgnments; or the end of either sequence is reached. For identifying whether a 
nucleic acid or polypeptide is within tiie scope of Ihe invention, flie defiuilt parameters 
of the BLAST programs are suitable. The BLASTN program (for nucleotide 
sequences) uses as defeults a word length (W) of 11, an expectation (B) of 10, M==5, 
N=-4, and a comparison of both strands. For amino acid sequences, the BLASTP 
25 program uses as defaults a word lengfli (W) of 3, an expectation (E) of 10, and the 
BLOSUM62 scoring matrix. The TBLATN program (using protein sequence for 
nucleotide sequence) uses as defeults a word length (W) of 3, an expectation (B) of 
10, and a BLOSUM 62 scoring matrix, (see Henikoflf & Henikoff; Proc. Nati; Acad. 
Sci. USA 89:10915 (1989)). 

30 

In addition to calculating percent sequence idmtify, tiie BLAST algorithm also 
performs a statistical analysis of the similarity between two sequences (see, e.g., 
Karlin& Altschul, Pioc.Nat'1. Acad. Sd. USA 90:5873-5787(1993)). One measure 
of similarity provided by the BLAST algorithm is flie smallest sum probabilify (P(N)). 

7 
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which provides an indication of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. For example, a nucleic 
acid is considered similar to a reference sequence if the smallest sum probability in a 
comparison of the test nucleic acid to the reference nucleic acid is less than about 0.1, 
5 more preferably less than about 0.01, and most preforably less than about 0.001, 

Another example of a useful algorithm is PILEUP. PILEUP creates a multiple 
sequence alignment ftom a groiqi of related sequences using progressive, pairwise 
alignments. It can also plot a dendrogram showing the clustering relationships used 
10 to create the alignment PIIJBUP uses a sinq)lification of the progressive aligmnent 
method of Feng & DooKttle, J. Mol. Evol. 35:351-360 (1987). The method used is 
. similar to the method described by Higgins & Sharp, CABIOS 5:151-153 (1989). As 
a general rule, PileT^ can align to 500 sequences, wifli any single sequence in the 
final aligmnent restricted to a maximimi Iraigth of 7,000 characters. 

15 

The multiple alignment procedure begins witti tihe pairwise alignment of the two most 
similar sequences, producing a cluster of two aligned sequences. This cluster can 
then be aligned to the next most related sequence or cluster of aligned sequences. 
Two clusters of sequences can be aligned by a smq)le extension of the pairwise 
20 aligmnent of two individual sequences. A series of such pairwise alignments that 
includes increasingly dissimilar sequences and clusters of sequmces at each iteration 
produces the final alignment 

"Variant" applies to both amino acid and nucleic acid sequences. With respect to 
25 particular nucleic acid sequences, conservatively modified variants refers to those 
nucleic acids which encode identical or essentially identical amino acid sequences, or 
where the nucleic acid does not encode an amino acid sequence, to essentially 
idciitical sequences. Because of the degeneracy of the genetic code, a large number of 
functionally identical nucleic adds encode any given protein. For instance, the 
30 codons GCA, GCC, GCG and GCT all encode the amino acid alanine. Thus, at every 
position where an alanine is specified by a codon, the codon can be altered to any of 
the corresponding codons described without altering the encoded polypeptide. Such 
nucleic acid variations are "silent variations," which are one species of conservatively 
modified variations. Every nucleic acid sequence herein that encodes a polypeptide 

8 
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also describes every possible ^ent variation of tbe nucleic acid One of skill will 
recognize that each degenerate codon in a nucleic acid can be modified to yield a 
jfimctionally identical molecule. Accordingly, each silent variation of a nucleic acid 
that encodes a polypeptide is implicit in each described sequence. 

5 

Also included within the definition of target proteins of the present invention are 
amino acid sequence variants of wild-type target proteins. These variants fell into one 
or more of three classes: substitutional, insertional or deletional variants. These 
variants ordmarily are prepared by site specific mutagenesis of nucleotides m the 

10 DNA encoding the target protein, using cassette or PGR mutagenesis or oflier 
techniques well known in the art, to produce DNA encoding ttie variant, and 
thereafter expressing the DNA in reoonibinantceUcultu^ Variant target protein 
fragments havii^ \sp to about 100-150 ammo acid residues may be prqpared by in 
vitro synttiesisusiiig established techniques. Amino add sequmce variants are 

15 characterized by the predeterauned nature ofthe variation, a feature th^ 

apart ftom naturally occurring allelic or interspecies variation of the target protem 
amino acid sequence. The variants typically exhibit the same quaUtative biological 
activity as the naturally occurring analogue, although variants can also be selected 
which have modified characteristics. 

20 Amino acid substitutions are typically of single residues; insertions usually will be on 
the order of fixjm about 1 to about 20 amino adds, although considerably longer 

insertions may be tolerated. Deletions range ftom about 1 to about 20 residues, 
although in some cases, deletions may be much longer. 

25 Substitutions, deletions, and insertions or any combinations tiiereof may be used to 
anive at a final derivative. Generally, tiiese changes are done on a few amino acids to 
minimize the alteration of the molecule. However, larger characteristics may be 
tolerated in certain chxumstances. 

30 The foUowing six groiq)S each contain amino adds that are conservative substitutions 
for one another: 

1) Alanine (A), Serine (S), Threonine (1); 

2) Aq)artic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 

9 
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4) Argmine (R), Lysine (K); 

5) Isoleucine (Q, Leucine (L), Methionine (M), Valine (V); and 

6) PhenyManine(F), Tyrosine (Y), Tryptophan (W). 

5 {see, e.g., Creighton, Proteins (1984)). 

'*Cytoskeletal conqK>nenf denotes any molecule that is found in association with the 
cellular cyfbskeleton, that plays a role in maintaining or regulating the structural 
integrity of the cytoskeleton, or that mediates or regulates motile events mediated by 
10 the cytoskeleton. Includes cytoskeletal polymers (e.g., actin fflaments, inicrotub^^ 
intermediate filaments, myosin fiagmaits), molecular motors (e.g., kinesins, myosins, 
dyneins), cytoskeleton associated regulatory proteins (e.g., tropomysm, alpha-actinin) 
and cytoskeletal associated binding protenis (e.g., microtubules associated protdns, 
actin binding proteins). 

15 

••Cytoskeletal function" refers to biological roles of the cytoskeleton, including but 
not limited to the providing of stmctural organization (e.g., microvilli, mitotic 
spmdle) and the mediation of motile events witiiin flie cell (e.g., muscle contraction, 
mitotic chromosome movements, contractile ring formation and function, 
20 pseudopodal movement, active cell surface deformations, vesicle formation and 
translocation.) 

A "diagnostic'* as used herein is a compound, method, system, or device that assists in 
the identification and characterization of a health or disease state. The diagnostic can 
25 be used in standard assays as is known in the art 

An "expression vector" is a nucleic acid construct, generated recombinantly or 
synthetically, with a series of specified nucleic add elements tiiat permit transcription 
of a particular nucleic acid in a host cell. The expression vector can be part of a 
30 plasmid, virus, or nucleic acid fragment. Typically, die expression vector includes a 
nucleic acid to be transcribed qperably linked to a promoter. 

"High stringency conditions" may be identified by those that: (1) eiiq)loy low ionic 
strength and high temperature for washing, for example 0.015 M sodium chloride / 

10 
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0.0015 M sodium citrate / 0.1% sodium dodecyl sulfate at 50°C; (2) ranploy during 
hybridization a denaturing agent such as fomiamide, for example, 50% (vA^) 
fonnamide with 0.1% bovine sCTum albumin / 0.1% Ficol]/0.1% polyvinylpynolidone 
/ SOmM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM 
sodium citrate at 42*^0; or (3) employ 50% fonnamide, 5 x SSC (0.75 M NaCl, 0.075 
M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 
5 X Denhardt's sohition, sonicated sahnon sperm DNA (50 jig/ml), 0.1% SDS, and 
1 0% dextran sulfete at 42**C, wifli washes at 42'^C in 0.2 X SSC (sodium chloride / 
sodium citrate) and 50% fomiamide at 55°C, followed by a high-stringeacy wash 
consisting of 0.1 x SSC contairiing EDTA at 55°C. 

"High throughput screening*' as used h^ein refers to an assay fliat provides for 
multiple candidate agents or samples to be screened simultaneously. As further 
described below, examples of such assays may include the use of microtiter plates 
whidi are especially convenient because a large number of assays can be canied out 
simultaneously, using small amounts of reagents and samples. 

By 'Tiost cell" is meant a cell that contains an expression vector and supports the 
repUcation or expression of flie expression vector. Host cells may be prokaryotic cells 
such as E. colU or eukaryotic cells such as yeast, insect, amphibian, or mammalian 
cells such as CHO,HeLa and the hke, or plant cells. Both primary cells and cultured 
cell lines are included in this definition. 

The phrase '^hybridizing specifically to" refers to the binding, duplexing, or 
hybridizing of a molecule only to a particular nucleotide sequence under stringent 
conditions when that sequence is present m a complex mixture (e.g., total cellular) 
DNA or RNA. Stringent conditions are sequence-dependent and will be different m 
different circumstances. Longer sequences hybridize specifically at higher 
tenqieratures. Generally, stringent conditions are selected to be about 5°C lower than 
the fliennal melting point (Tm) for the specific sequence at a defined ionic strength 
andpH. The Tm is the temperature (under defined ionic strength, pH, and nucleic acid 
concentration) at which 50% of the probes complanentary to the target sequence 
hybridize to the target sequmce at equihT)rium. Typically, stringent conditions will be 
those in vrtiich flie salt concentration is less than about 1.0 M sodium ion, typically 

11 
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about 0.05 to 1 .0 M sodium ion concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30°C for short probes (e.g., 10 to 50 nucleotides) and at 
least about 60''C for long probes (e.g., greater than 50 nucleotides). Stringent 
conditions may also be achieved with the addition of destabilizing agents such as 
5 fonnamide. 

The terms ^identical'Vor percmt •'identity*', in the context of two or more nucleic 
adds or polypeptide sequences, refer to two or more sequences or subsequences that 
are the same or have a specified percentage of ammo acid residues or nucleotides that 

10 are the same, when compared and aligned for maximum conespondmce over a 
comparison window, as measured using one of the following sequence conQ)arison 
algorithms or by manual alignment and visual inspection. Preferably, the percent 
idoitity exists over are^on of the sequence fliat is at least about 25 amino acids in 
length, more preferably over a region that is 50 or 100 amino adds in lengflL This 

1 5 definition also refers to the complement of a test sequence, provided fliat the test 

sequence has a designated or substantial idOTtity to a reference sequOTce.. Preferably, 
the percoit identity exists over a region of the sequence that is at least about 25 
nucleotides in length, more preferably over a region fliat is 50 or 100 nucleotides in 
length. 

20 

When percentage of sequence identity is used m reference to protdns or pq)tides, it is 
recognized that residue positions that are not identical often diflfer by consCTvative 
amino acid substitutions, where amino acid residues are substituted for oflier amino 
acid residues with similar chraiical properties (e.g,. charge or hydrophobicity) and 

25 therefore do not change the fimctional properties of the molecule. Where sequences 
diflfer in conservative substitutions, the percent sequence identity may be adjusted 
upwards to correct for the conservative nature of the substitution. Means for making 
this adjustment are well known to those of skill in the art. The scoring of 
conservative substitutions can be calculated according to, e.g., the algorithm of 

30 Meyers & MiUers, Computer AppUc. Biol. Sci. 4:11-17 (1988), e.g., as implemented 
in the program PC/GENE Ototelligenetics, Mountain View, California), 

The terms "Isolated", '"purified", or '1)iologicaUy pure" refer to material that is 
substantially or essentially free from components which normally acconqjany it as 
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found in its native state. Purity and homogeneity are typically determined using 
analytical chranistry techniques such as polyacrylamide gel electrophoresis or high 
performance Uquid chromatogr^hy. A protein that is the predominant species 
present in a preparation is substantially purified In an isolated gene, the nucleic acid 
of interest is sq)arated fix)m open reading frames that flank the gene of interest and 
encode proteins other than the protein of int^esL The term •^purified" denotes tiiat a 
nucleic acid or protein gives rise to essentially one band in an electrophoretic gel. 
Particularly, it means that the nucleic add or protein is at least 85% pure, more 
preferably at least 95% pure* and most preferably at least 99% pure. 

A "label" is a composition detectable by spectroscopic, photochemical, biochemical, 
immunochemical, or chranical means. For escample, usefiil labels mclude fluorescent 
proteins suchas green, yenow,redorbluefluorescentpn)teiDs, radioisotopes such as 
^^P, fluorescent dyes, election-dense reagents, enzymes (e.g.i as commonly used in an 
BUS A), biotin, di^xigenin, or haptms and protems for which antisera or monoclonal 
antibodies are available (e.g., the polypeptide of SEQ ID NO:2 can be made 
detectable, e.g., by inooiporating a radio-label into flie peptide, and used to detect 
antibodies specifically reactive with the pq)tide). 

A "labeled nucleic acid probe or oligonucleotide" is one that is bound, eitiier 
covalently, through a linker, or through ionic, van der Waals, or hydrogen bonds to a 
label such that the presence of flie probe may be detected by detecting the presmce of 
the label bound to the probe. 

"Moderately stringent conditions" may be identified as described by Sambrook et al.. 
Molecular Cloning; A Laboratory Manual, New York: Cold Spring Harbor Press, 
1989, and include the use of washmg solution and hybridization conditions (e.g., 
temperature, ionic strength and %SDS) less stringent than those described above. An 
example of moderately stringent conditions is overnight incubation at SV^'C in a 
solution comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran 
sulfate, and 20 jig/mL denatured sheared sahnon sperm DN A, followed by washing 
the filters in Ix SSC at about 37-50**C. The skilled artisan will recognize how to 
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adjust the temperature, ionic strength, etc. as necessary to accommodate fiictors such 
as probe length and the like. 

"Modulators," "inhibitors," and "activators of a target protein" refer to modulatory 
molecules idratified using in vitro and in vivo assays for target protein activity. Such 
assays include ATPase activity, microtubule gliding, microtubule depolymerizing 
activity, and binding activity such as microtubule binding activity or binding of 
nucleotide analogs. Samples or assays that are treated with a candidate agent at a test 
and control concentration. The control concentration can be zcto. Ifdiereisachange 
in target piotem activity between the two concentrations, this change indicates the 
identification of a modulator. A change in activity, which can be an increase or 
decrease, is preferably a change of at least 20% to 50%, more preferably by at least 
50% to 75%, more preferably at least 75% to 100%, and more preferably 150% to 
200%, and most preferably is a change of at least 2 to 1 0 fold compared to a control 
Additionally, a change can be indicated by a change in binding specificity or 
substrate. 

'•Molecular motor'' refers to a molecule that utilizes chemical energy to generate 
mechanical force. According to one anbodiment, the molecular motor drives the 
motile properties of the cytoskeleton. 

The phrase "motor domain" refers to the domain of a target protem that confers 
membership in the kinesin superfamily of motor proteins through a sequence identity 

of approximately 35-45% identity to the motor domain of true kinesin. 

I 

The torn "nucleic acid" refers to deoxyribonucleotides or ribonucleotides and 
polymers thereof in ather single- or donble-stranded fonn. Unless specifically 
limited, the term encompasses nucldc aci(3s containing known analogues of natural 
nucleotides which have similar binding properties as the reference nucleic acid and 
are metabolized in a mannear similar to naturally occuiring nucleotides. Unless 
othCTwise indicated, a particular nucldc add sequence also inqjlicitly encompasses 
conservatively modified varianis thereof (e.g., degenerate codon substitutions) and 
complementary sequences as well as the sequence eaqplidtly indicated. For example, 
degenerate codon substitutions may be adiieved by generating sequences m which the 
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third position of one or more selected (or all) codons is substituted with mixed-base 
and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); 
Ohtsuka et al., J. BioL Chem. 260)2605-2608 (1985); Cassol et al. 1992; Rossolini et 
al. MoL Cell. Probes 8:91-98 (1994)). The term nucleic add is used interchangeably 
5 Willi gene, cDNA, and mRNA encoded by a gene. 

••Nucleic acid probe or oligonucleotide" is defined as a nucleic acid cq)able of 
binding to a target nucleic acid of complementary sequence through one or more 
types of chemical bonds, usually throu^ conqplementary base pairing, usually 

10 Arough hydrogen bond formation. As used herein, a probe may include natural (i.e., 
A, G, C, or T) or modified bases. In addition, the bases in a probe may be joined by a 
linkage oflier flian a phosphodiester bond, so long as it does not interfere with 
hybridization. Thus, for example, probes may be peptide nucldc acids in which the 
constitumt bases arejoined by peptide bonds rather than phosphodiester It 

15 will be understood by one of skill in the art that probes may bind target sequences 
lacking complete complementarity with Ihe probe sequence depending upon Ae 
stringency of Ihe hybridization conditions. The probes are preferably directly labeled 
with isotopes, chromophoies, lumiphores, chromogens, or mdirectty labeled such as 
with biotin to which a streptavidin complex may later bind. By assaying for the 

20 presence or absence of the prob e, one can detect the presence or absence of the select 
sequence or subsequence. 

The terms ^polypeptide", **peptide" and '^protein" are used interchangeably herein to 
refer to a polymer of amino acid residues. The terms apply to amino acid polymers m 

25 which one or more amino acid residues is an artificial chemical analogue of a 

corresponding naturally occurring amino acid, as well as to naturally occurring amino 
acid polymers. A target protein comprises a polypq)tide demonstrated to have at least 
microtubule stimulated ATPase activity. Amino acids may be referred to herein by 
dther then- coinmonly known three letter symbols or by Nomenclature Cor^^ 

30 Nucleotides, likewise, may be referred to by tiieir commonly accq)ted single-letter 
codes, i.e., the one-letter symbols recommended by the lUPAC-IUB. 

A '^promoter'' is defined as an array of nucleic acid control sequences that direct 
transcr^tion of a nucleic acid. As used herein, a promoter includes necessary nucleic 
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acid sequences near the start site of transcription, such as, in the case of a polymerase 
n type promoter, a TATA box element A promoter also optionally includes distal 
enhancer or rq)ressor elements that can be located as much as several thousand base 
pairs from the start site of transcription. A "constitutive" promoter is a promoter that 

5 is active under most environmental and developmmtal conditions. An "inducible" 
promoter is a promoter tihat is under environmental or developmental regulation. The* 
t^m "operably linked" refers to a functional Ihikage between a nucleic acid 
expression control sequence (such as a promoter, or array of transcription factor 
binding sites) and a second nucleic acid sequence, wha:ein the expression control 

10 sequence directs transcription of flie nucleic acid corresponding to the second 
sequence. 

The phrase "specifically (or selectively) bmds" to an antibody or "specifically (or 
selectively) immunoreactive with," whenreferring to aprotemorpeptide, refers to a 

15 binding reaction that is detenninativeofthe presence oftheprotem ma 

hetto)geneous population of proteins and oflier biologies. Thus, under designated 
immunoassay conditions, the specified antibodies bind to a particular protdn at least 
two times the background and do not substantially bind in a significant amount to 
other proteins present m the sanq?le. Specific bmding moieties ^ically have an 

20 afBnity for one another of at least 10^ MT*. Prefenred antibodies for use m diagnostics 
or ther^eutics often have high afBnities such as 10\ 10^ 10^ or 10^*^ M"*. Specific 
binding to an antibody under such conditions may requke an antibody that is selected 
for its specificity for a particular protein. For example, antibodies raised to HsKip3d 
witii the amino acid sequence encoded in SEQ ID N0:2 can be selected to obtam only 

25 those antibodies fliat are specifically unmunoreactive with HsKip3d and not with 

other proteins, except for polymorphic variants, orttiologs, alleles, and closely related 
homologues of HsKip3d. This selection may be achieved by subtracting out 
antibodies tiiat cross react with molecules, for example, such as C elegans uno-104 
and human Kifl A A variety of immunoassay formats may be used to select 

30 antibodies specifically immunoreactive with a particular protein. For example, soUd- 
phase ELIS A immunoassays are routinely used to select antibodies specifically 
unmunoreactive with a protem {see, e.g., Harlow & Lane, Antibodies, A Laboratory 
Manual (1988), fox a description of hmnunoassay formats and conditions that can be 
used to deteraiine specific immunoreactivity). Typically a specific or selective 

16 



wo 02/12268 



PCTAJSOl/24285 



reaction will be at least twice background signal or noise and more typically more 
than 10 to 100 times background. 

The phrase "selectively associates with" refers to the ability of a nucleic acid to 
5 "selectively hybridize" with another as defined above, or the ability of an antibody to 
"selectively (or specifically) bind to a protdn, as defined above. 

•*Test composition** (used intendiangeably herein witii "candidate agenf * and *test 
CQn^)ound" and **test agent**) refra to a molecule or composition whose effect on the 
10 interaction between one or more cytoskeletal components it is desired to assay. The 
•*test composition*' can be any molecule or mixture of molecules, optionally in a 
carrier. 

A '^therapeutic** as used herein refers to a compound fl^t is believed to be capable of 
1 5 modulating the cytoskeletal system in vivo which can have plication in bofli human 
and animal disease. Modulation of the cytoskeletal system would be desirable in a 
number of conditions including, but not limited to: abnormal stimulation of 
endotihielial cells (e.g., aflierosclerosis), solid and hematopoietic tumors and tumor 
metastasis, benign tumors, for example, hemangiomas, acoustic neuromas, 
20 neurofibromas, pyogenic granulomas, vascular malfunctions, abndnnal wound 

healing, inflammatory and immune disorders such as rheumatoid arthritis, Bdicet*s 
disease, gout or gouty arthritis, abnormal angiogenesis accompanying: rheumatoid 
arthritis, psoriasis, diabetic retinopathy, and other ocular angiogenic disease such as, 
macular degeneration, corneal graft rejection, comeal overgrowth, glaucoma, and 
25 Osier Webber syndrome. 

n. The Target Protein 

The present invention provides for the first time a.nucldc acid encoding HsKipSd. 
This protein is a member offliekinesinsuperfamily of motor protdns. More 
30 specifically, flie HsKip3d sequence of Fig. 2 shares approidmakiy 50% identity with 
various members of the Kip3 fimily, bdng closest in sequence to Drosophla 
melanogaster KLP67A (52% identity) and being closest in sequence to HsKipSa 
(61% identity; see U.S. Serial Number 09/594,655, filed June 15, 2000, which is 
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incorporated herein by reference). The predicted structure of HsKip3d comprises an 
amino-termioal, kinesin-like microtubule "motor** domaiiL 

. Kinesins contain specific motifs within the motor domain responsible for ATPase 
5 activity (hydrolysis of ATP) and protein function. These moti& are also present in 
myosins (another ATP-driven molecular motor) and in the small GTPase protein 
£imily. Even if the sequmce of fliesemotife are diflBarent, resolution of the 3D 
structure of these proteins reveals a surprising conservation in tenns of mechanism of 
action of these enzymes and theiiefore strongly suggests fliat these proteins evolved 
10 from a common ancestor. (KiiU J. et al.. Nature 380:550-555 (1996); Sablin E. et al., 
Nature 380:555-559 (1996)). KuU and Sablin describe a number of motife 
characteristic of ATPase activity found in all known kmesins with motor activity. 
The first motif known as ATP/GTP binding site motif A or P-loop (Piosite accession 
number PS00017) is.present in a large number of ATP/GTP bmding proteins: 
15 Consensus [AG]XXXXGK[ST] 
HsKip3d GATGAGK T 

Another motif in kinesm is also part of the nucleotide-binding site and intOTcts with 
die adenine ring of the nucleotide: 
20 Consensus RXRP 
HsKip3d RVRP 

Two motifs named switch I and n are responsible fot the sensmg of the gaimna 
phosphate and therefore initiate the conformational change between the ATP and 
25 ADP-bound forms of the enzyme: 
Switch I consensus NXXSSRSH 
Switch I HsKip3d NATSSRSH 

Switch n consensus DLAGXE 
30 Switch nHsKip3d DLAGSE 

In one aspect, HsKip3d can be defined by having at least one or preferably more than 
one of die following functional and structural characteristics. Functionally, HsKip3d 
will have microtubule-stimulated ATPase activity, and microtubule motor activity tiiat 
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is ATP dependent H^p3d activity can also be described in terms of its ability to 
bind miootubules. 

Hie novel nucleotides sequences provided herein encode HsKip3d or fragments 

5 tiioeof Thus, in one aspect, the nucleic acids provided herein are defined by the 
novel proteins provided h^iiL The protein provided herein comprises an amino acid 
sequence ^^ch has one or more of the following diaracteristics: greater than 70% 
sequmce idmtity with SEQ ID N0:2 or SEQ ID N0:4, preferably greater than 80%, 
more preferably greater flian 90%, more preferably greater than 95% or, i^ another 

10 embodhnent, has 98 to 100% sequence identity wilh SEQ ID N0:2 or SEQ ID N0:4. 
As described above,, when describmg ttie nucleotide is terms of SEQ ID N0:1 or SEQ 
ID n6:3, the seq;uence identity can be the same percentages or sli^y lower due to 
the degeneracy in the genetic code. The invention also includes fragments of the 
nucleotide sequence shown in Rg. 1 having at least 10, 15, 20, 25, 50, 100, 1000 or 

15 2000 contiguous nucleotides firom SEQ ID N0:1 or a degenerate form thereof. Some 
fragments mclude the motor domain which occms approximately betweai positions 1 
and 352 of the amino add sequence in Fig. 1 (determined by sequence comparison of 
the motor domain of otha: kinesins). Some such fragments can be used as 
hybridization probes or primers. Unless otherwise apparent finom the context, 

20 reference to nucleotide sequences shown in the Figures or sequence can refer to the 
' sequence shown, its perfect complement or a duplex of the two strands. Also 
included within the definition of the target proteins are amino acid sequence variants 
of wild-^e target proteins. In some embodiments, the HsKipSd polypeptides of the 
invention may have insertions or deletions of 2q)proximately 10, 15, 20, 25, 50 or 100 

25 amino acids or less when compared to SEQ ID NO: 2 or SEQ ID NO: 4. For 

example, in one embodiment, a HsKipSd polypeptide includes tiie seven residues Ile- 
Ser-Phe-Leu-Cys-Phe^Ghi inserted between lysine 299 and arginme 300 (as ^ 

295 iand 300 are shown in Figures 1 and 3). 

30 Portions oftheHsKip3d nucleotide sequence may be used to iden^ 

variants, orthologs, alleles, and homologues of HsKip3d This identification can be 
made in vitro, e.g., under stringait hybridization conditions and sequencing, or by 
usmg tiie sequence information in a computer system for comparison with other 
nucleotide sequences. Sequence cQn5)arison can be performed using any of the 
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sequence comparison algorithms discussed below, with PILEUP as a piefistred 
algorithm. 

As will be appreciated by tiiose in the art, the target proteins can be made in a variety 
of ways, including both syn&esis de novo and by expressing a nucldc acid raicoding 
theprotdn. 

Target lootdns of the present invention also be modified in a way to form 
chimeric molecules comprising a fusion of a target protein wifli a tag polypq>tide tiiat 
provides an epitope to ^irfiich an anti-tag antibocfy can selectively bind. The qntope 
tag is generally placed at Has amino or carboxyl terminus of the target protein. 
Provision of the epitope tag enables the target protdn to be readily detected, as weU as 
readily purified by afiBnity purification. Various tag epitopes are weU known in the 
art. Examples include poly-histidine (poly-his) or poly-histidme-glyrane Opoly-his- 
gly) tags; the flu HA tag polypeptide and its antibody 12CA5 (see. Field et al. (1988) 
Mol. Cell. Biol. 8:2159); the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9B10 
antibodies thereto (see, Evans et id., (1985) Molecular and CeUular Biology, 5:3610); 
and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody (see, Paborsky 
et al., (1990) Protein Engineering, 3:547). Oflier tag polypeptides inchide flie Flag- 
peptide (see, Hopp et al. (1988) BioTechnology 6:1204); the KT3 epitope peptide 
(see, Martine et al. (1992) Science, 255:192); tubulin epitope peptide (see. Skinner 
(1991) J. Biol. Ghem. 266:15173); and the T7 gene 10 protein peptide tag (see, Lutz- 
Freyennuth et aL (1990) Proc. Natl. Acad. Sd. USA 87:6393. 

The biological activity of any of the peptides provided herdn can be routinely 
confirmed by the assays provided herem such as those which assay ATPase activity or 
miCTOtubule bmding activity. In one embodiment, polymorphic variants, aUeles, and 
orthologs, homologues of HsKip3d are confirmed by using a ATPase or microtubule 
- binding assays as known in the art . ■ ■ 

The isolation of biologically active HsK:q>3d for the first time provides a means for 
assaying for modulators ofthiskinesinsiqjerfiraiity protein. Biologically active 
HsKipSd is usrfiil for idraiti^g modulators of £bK4>3d or firagments fliereof and 
kinesin sq)erfimity members using in vitro assays sudi as miootubule gjidfaig assays, 
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ATPase assays (Kodama et oL. J. Biochem. 99:1465-1472 (1986); Stewart cf ai, • 
Proc. Natl Acad. Sci. USA 90:5209-5213 (1993)), and binding assays including 
microtubule binding assays (Vale et al.. Cell 42:39-50 (1985)). In vivo assays and 
uses are provided herein as well. Also provided herein are mediods of identifying 
5 candidate agents that bind to HsKip3d and portions thereof 

Some portions or fiagments of HsKip3d include at least 7, 10, 15, 20, 35, 50. 100, 
250, 300, 350, 500, or 1000 contiguous amino adds fiom the sequence shown in Fig. 
1. Some fiagments contain fewer than 1000. 500, 250, 100 or 50 contiguous amino 

10 . adds fiom the sequence shown m Fig. 1. For example, exemplary fragments include 
fragment having 15-50 amino adds or 100-500 amino adds. Some fiagments 
mclude a motor domain. The mottv domain runs fiom about amino add 1 to 352. 
Such fiagmeate typically include the span beginning at an amino add between 1 and 
20 and ending at an amino add between 332 and 372i or ai^ segmeiit of contiguous 

15 amino adds therebetween retaimng motor activity. Some fiagments include a Ugand 
binding domain of HsKip3d. Nucldc adds encoding such fiagments are also 
included in file invention. 

As further described herein, awide variety of assays, flierapeutic and diagnostic 
20 methods are provided herein which utilize the novel con^wunds desraibed herein. 
The uses and methods provided herem, as further described below have in vivo, in 
jto, and in vifro appUcations, and can be used in medidnal, veterinary, agricultural 

and researdi based qiplications. 

25 m. Isolation of the gene encodhigHsKipSd 
A. General Recombinant DNA Methods 

This invention reUes on routine techniques in the field of recombinant genetics. Basic 
texts disclosing tfie general mettiods of use in tiiis invention include Sambrook et al., 
■ Molecular Cloning, A Laboratory Manual (2nd ed. 1989); Kriegler, Gene Transfer 
30 and Expression: A Laboratory Manual (1990); and Current Protocols in Molecular 
5iotogy (Ausubel «/ ai, eds., 1994)). 

For nucldc adds, sizes are gjvcai in either kilobases (Id)) or base pairs (bp). These are 
' estimates derived fiom agarose or acrylamide gel electrophoresis, fiiom sequmced 
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nucleic acids, or from published DNA sequences. For proteins, sizes are given in 
kilodaltons (kDa) or amino acid residue numbers. Proteins sizes are estimated from 
gel electrophoresis, from mass spectroscopy, from sequenced proteins, from derived 
amino acid sequences, or from published protein sequences. 

5 

Oligonucleotides that are not commercially available can be chraiically synthesized 
accoiding to the solid phase phosphoramidite triester mefliod first described by 
Beaucage & Caruthers, Tetrahedron Letts. 22:1859-1862 (1981), using an automated 
synilhesizer, as described m Van Devanter ei al.. Nucleic Acids Res. 12:6159-6168 
10 (1984). Ririficationofoligonucleotides is by eitha- native acrylamide gel 

electrophoresis or tiy anion-exchange HPLC as described in Pearson & Reanicr, J. 
CAww. 225:137-149 (1983). 

The sequmce of the cloned genes and syntihefic oligonucleotides can be verified after 
15 cloning usmg, e.g., the chain teraunation method for sequencing double-stranded 
templates of Wallace etaL, Gene 16:21-26 (1981). 

ft. Cloning mefhods for the isolation of nudeotide sequences encoding 
20 HsKip3d 

hi general, the nucleic acid sequences encoding HsKipSd and related nucleic add 
sequence homologs are cloned from cDNA and genomic DNA binaries or isolated 
using amplification techniques with oUgonucleotide prim^ Alternatively, 
expression libraries can be used to clone HsKip3d and HsBQpSd homologues by 

25 detected expressed homologues immunologically with antisera or purified antibodies 
made against HsKip3d that also recognize and selectively bmd to the HsKipBd 
homologue. Finally, amplification techniques using primers can be used to amplify 
and isolate HsKip3dfi-om DNA or KNA. AmpUfication techniques using degenerate 
primers can also be used to amplify and isolate HsKip3d homologues. AmpUfication 

30 techniques usmg primers can also be used to isolate a nucleic acid encoding HsKip3d- 
These primers can be used, e.g., to ampKfy a probe of several hundred nucleotides, 
which is then used to screen a Ubrary for fiiU-length HsKip3d. 
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Appropriate primers and probes for identifying flie gene encoding homologues of 
HsKip3d in other species are generated from comparisons of the sequences provided 
herein. As described above, antibodies can be used to identify HsKip3d homologues. 
For example, antibodies made to the motor domain of HsKip3d or to the whole 
5 protein are useful for identifying HsKip3d homologs. 

To make a cDNA library, one should choose a sourcis tiiat is rich in the mRNA of 
choice, e.g., HsKip3d. For example, HsKip3d mKNA is most abundant in peripheral 
blood lynq)hocytes and bone marrow, with relatively lower levels of expression in 
10 colon, lung, small intestine, skin, placenta, and fetal liver. The mKNA is then made 
into cDN A usmg reverse transcriptase, ligated into a recombinant vector, and 
introduced into a recombinant host for propagation, screening and cloning. Methods 
for making and screening cDNA libraries are well known (see, e.g., Gubler & 
Hof&nao, Gene 25: 263-269); Sambrook et al., supra; Ausubel et al., supra). 

15 

For a genomic Hbrary, the DNA is ejctracted fiom the tissue and eilher mechanically 
beared or «iqanatically digested to yield firagmoots of about 12-20 Kb. The 
fragments are fliea separated by gradieat centiifugation fixMU undesbed sizes and are 
constracted m bacteriophage lambda vectors. These vectors and phage are packaged 
20 in vitro. Recombinant phage are analyzed by plaque hybridization as described in 
Benton & Davis, Science 196:180-182 (1977). Colony hybridization is read out as 
generaUy described in Grunstein et al., Proc. Natl. Acad. Sci. USA, 72:3961-3965 
(1975). 

25 An alternative method of isolating HsKip3d nucleic acid and its homologues 

combines the use of synthetic oUgonucleotide primas and amplification of an KNA or 
DNA template (see U.S. Patents 4,683,195 and 4,683,202; PGR Protocols: A guide to 
Meiliods and Applications (baas et al., eds. 1990)). Methods such as polymerase 
chain reaction and ligase chain reaction can be used to amplify nucleic acid sequences 

30 of HsKip3d directly from mRNA, from cDNA, fiom genomic libraries or cDNA 
Ubraries. D^enerate oligonucleotides can be designed to amplify HsK^3d 
homologues using the sequences provided haein. Reshiction endonuclease sites can 
be incorporated into the primers. Polymarase chain reaction or other in vitro 
amplification methods may also be useful, for example, to clone nucldc add 
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sequences that code for proteins to be expressed, to make nucleic adds to use as 
prpbes for detecting the presence of HsKip3d encoding mRNA in physiological 
samples, for nucleic sequencing or for other purposes. Genes amplified by flie PGR 
reaction can be purified &om agarose gels and cloned into an ^ropriate vector. 

Gene expression of HsKipSd can also be analyzed by techniques known in the art, 
e.g,, reverse transcription and amplification of mRNA, isolation of total RNA or poly 
A + RNA, norfhCTi blotting, dot blotting, in situ hybridization, RNase protection, 
quantitative PGR, and the like. 

Synthetic oligonucleotides can be used to constract recombinant HsKip3d genes fi>r 
use as probes or for expression of proteia This method is performed usmg a series of 
overlying oUgonucleotides usually 40-120 bp in lengfli, representing both the sense 
and nonsense strands of the gene. These DNA fiagments are then annealed, Kgated 
and cloned Alternatively, anq)Iification techniques can be used with precise primers 
to amplify a specific subsequence of the HsKip3d gene. The specific subsequence is 
then ligated mto an e3q)ression vector. 

The gene for HsKip3d is typically cloned mto intermediate vectors before 
transfonnation into pix)karyotic or eukaryotic cells for repUcation and/or expression. 
The intermediate vectors are typically prokaryote vectors or shuttle vectors. 

C. Expression in prokaryotes and eukaryotes 

To obtain high level expression of a cloned gene, such as those cDNAs encoding 
HsKipSd, it is important to construct an expression vector that contains a strong 
promoter to direct tfSnscription, a transcription/translation terminator, and if for a 
nucleic acid encoding a protein, a ribosome binding site for translational mitiation. 
Suitable bacterial promoters are well known in the ait and described, e.g., in 
Sambrook et al. and Ausubel et al Bacterial expression systems for expressing the 
HsKip3d pretem are avaUable in, e.g., E. colU Bacillus sp., and Salmonella (Palva et 
al. Gene 22:229-235 (1983); Mosbach et al.. Nature 302:543-545 (1983). Kits for 
such expression systems are commercially available. Eukaiyotic e3q)ression systems 
for mammalian cells, ycast, and insect cells are well known m the art and arc also 
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commercially available. The pET expression system (Novagen) is a preferred 
prokaryotic expression system. 

The promotCT used to direct expression of a heterologous nucleic acid depends on the 
particular plication. The promoter is preferably positioned about ttie same distance 
from the heterologous transcription start site as it is from the transcription start site in 
its natural setting. As is known in the art, however, some variation in this distance 
can be accommodated without loss of promoter functioa. 

In addition to the promoter, the expression vector typically contains a transcription 
unit or expression cassette that contains all the additional elmmts required for the 
e)q)ressionoftheH5Kip3d encoding nucleic acid in host cells, A typical expression 
cassette thus contains a promote operably linked to the nucleic add sequence 
encoding HsKipSd and signals required for efficient polyadenylation of the transcript, 
ribosome binding sites, and translation termination. The nucleic acid sequence 
encoding HsKip3d may typically be finked to a cleavable signal peptide sequence to 
promote secretion offlie encoded protem by flie transformed ceU. Such signal 
peptides would include, among othas, flie signal peptides from tissue plasmmogen 
activator, insulin, and neuron growth factor, and juvenile hormone esterase of 
Heliothis virescens. Additional elements of flie cassette may include enhancers and, 
if genomic DNA is used as the structural gene, introns witti functional spUce donor 
and acceptor sites* 

In addition to a promoter sequence, the expression cassette should also contain a 
transcription termination region downstream of the structural gene to provide for 
efficient terminatioiL The termination region may be obtained from the same gene as 
the promoter sequence or may be obtained from different genes. 

The particular expression vector used to transport the genetic information into the cell 
is not particularly critical. Any of tiie conventional vectors used for expression in 
eukaryotic or prokaryotic cells may be used Standard bacterial expression vectors 
include plasmids such as pBR322. based plasmids, pSKF, pET23, and fusion 
expression systrans such as GST and LacZ. Epitope tags can also be added to 
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recombinant proteins to provide convouent methods of isolation, e.g., c-myc or 
bistidinetags. 

Expression vectors containing regulatory elements from eukaryotic viruses are 
5 typically used in eukaryotic expression vectors, e.g., SV40 vectors, cytomegalovirus 
vectors, p{?)illoma virus vectors, and vectors derived fiom Epstein Bar virus. Other 
«en^»laiy eukaryotic vectors include pMSG, pAV009/A*, pMTOlO/A*, 
pMAMnep-5, baculovirus pDSVE, and any ottier vector allowing e3q)ression of 
protdns under the directiaaof1heSV40 early promoter, SV40 late promoter, CMV 
10 promoter, metallolhionein promoter, murine mammary tumor virus promoter, Rous 
sarcoma virus promoter, polyhedrin promoter, or other promoters shown effective for 
eiqniessiQn in eukaryotic cells. 

• Some e(xpres8ion systems have markers that provide gene ampMcation 8^ 
15 thymidmekniase.hygtomycmBphDg)hotransfcrase, arid dihydrofolate red 

Alternatively, high yield ejcpression systems not invoWmg gene ampKficaltion are also 
suitable, such as using a baculovinis vector in insect cells, with a HsKip3d encoding 
sequence under the direction of the polyhedrin promoter or other strong baculovirus 
promoters. 

20 

The elements that are typically included in expression vectors also include a replicon 
that functions in E, coli, a gene encoding antibiotic resistance to permit selection of 
bacteria that harbor recombinant plasmids, and unique restriction sites in nonessential 
regioiisoflheplasmid to allow insertion of eukaryotic sequences. The particular 
25 antibiotic resistance gene chosen is not critical, any of the many resistance genes 
known in the art are suitable. The prokaiyotic sequences are preferably chosen such 
that they do not interfere with the repUcation of the DNA m eukaryotic cells, if 
necessary. 

30 Standard liansfection or transformation mefliods are used to produce bacterial, 

TPirninialian yeast or msect ccU lines that express large quantities of HsKip3d protein, 
which are then purified usmg standard techniques {see. e.g., Colley et al., J. Biol 
Chem. 264:17619-17622 (1989); Guide to Protein Purification, inMethods in 
Enzymohgy, voL 182 (Deutscher ed., 1990)). 
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Transformation of eukaryotic and prokaiyotic cells are performed according to 
standard techniques {see, eg., Morrison, J. Bad,, 132:349-351 (1977); Clark-Curtiss 
& Curtiss, Methods in En2ymology, 101:347-362 (Wu et a/., eds, 1983). Any of the 

5 well known procedures for introducing foreign nucleotide sequences into host cells 
. may be used These include the use of calcium phosphate transfection, polybrene, 
protoplast fusion, electroporation, liposomes, microinjection, plasma vectors, viral 
vectors and any of the other well known methods for introducing cloned genomic 
. DNA, cDNA, synthetic DNA or other foreign geiietic material into a host cell {see, 

10 e.g., Sambrook et al, supra). It is only necessary tiiat tiie particular genetic 

engineering procedure used be enable of suocessfiilly introducing at least one gene 
into tiie host cell cqiable of e3cpressing HsKipSd. 

After tile expression vector is introduced into the cells, flie transfix 
15 cultured under conditions fevoring expression of HsEpSd, which is recovered from 
the culture using standard techniques identified below. 



IV. Purificatioii of HsKip3d Protein 

20 . . 

Either naturally occurring or recombmant H&Kip3d can be purified for use m 

fimctional assays. In a preferred embodiment, flie target protems are purified for use 
in tiie assays to provide substantiidly pure samples. Alternatively, flie target protdn 
need not be substantially pure as long as the sample comprising the target protein is 
25 substantially fi:ee of other components that can contribute to the production of AD? or 
phosphate. 

The target proteins may be isolated or purified in a variety of ways known to thos^^ 
skilled in the art depending on what other components are present in flie sample. 
30 Standard purification methods mclude electrophoretic, molecular, immunological, and 
chromatographic techniques, including ion exchange, hydrophobic, afBnity, and 
reverse-phase HPLC chromatogrq)hy, chromatofocussing, selective precipitation wifli 
such substances as ammonium sulfate;and others (see, e.g.. Scopes, Protein 
Purification: Principles and Practice (1982); U.S. Patent No. 4,673,641; Ausubel et 
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al. supra; and Sambiook et al., si^ra). For example, fhe target protein can be pniified 
using a standard anti-target antibody column. Ultrafiltration and diafiltration 
techniques, in conjunction with protein concentration, are also useM. A preferred 
method of purification is use of Ni-NTA agarose (Qiagen). 

The expressed protein can be purified by standard chromatographic procedures to 
yield a purified, biochemically active protein. The activity of any of the peptides 
provided herein can be routinely confirmed by the assays provided hereiii such as 
those i?^^ch assay ATPase activity or microtubule binding activity. Biologically 
active target protem is usefiil for identifying modulators of target protein or fragments - 
thereof and kmesin superfionily members using in vitro assays such as microtubule 
gliding assays, ATPase assays (Kodama et aL, J. Biochem. 99:1465-1472 (1986); 
Stewart et al., Proc. Natl Acad. Sd. USA 90:5209-5213 (1993)), and binding assays 
including microtubule binding assays (Vale et aL, Cell 42:39-50 (1985)), as described 
in detail below. 

A. Purification of HsKip3d fi^om recombinant bacteria 

Recombinant proteins are expressed by transformed bacteria in large amounts, 
typically after promoter inductioi^ but expression can be constitutive. Promoter 
induction with IPTG is a preferred method of expression* Bacteria are grown 
according to standard procedures in the art. Fredi or frozen bactraia cells arc used for 
isolation of protein. 

Alternatively, it is possible to purify HsKip3d from bacteria periplasm. After 
HsKip3d is exported into the periplasm of the bacteria, the periplasmic fraction of tiie 
bacteria can be isolated by cold osmotic shock in addition to other mefliods known to 
skill Ji the art To isolate recombinant protems from the periplasm, the bacterial cells 
. are centrifiiged to fonn a pellet . The pellet is resuspended in a buflFer contaming 20% 
sucrose. To lyse the cells, flie bacteria are centrifiiged and the pellet is resuspended in 
ice-cold 5 mM MgS04 and kept in an ice bath for approximately 10 minutes. The cell 
suspension is centrifiiged and the supernatant decanted and saved. The recombinant 
proteins present in tiie siqpernatant can be separated from the host proteins by standard 
separation techniques well known to fliose of skill in the art 
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Suitable purification schemes for some specific kinesins are outlined in U.S. Serial 
Number 09/295,612, filed April 20, 1999, hereby expressly incoiporated herein in its 
entirety for all piuposes. 

B. Standard Protein Separation Techniques For Purifying HsKipSd 
Solubility Fractionation 
Often as an mitial step, particularly if the protem mixture is complex, an initial salt 
fractionation can separate many of the unwanted host cell proteins (or prqteins 
derived from tiie cell culture media) fi»m the recombmant protem of interest The 
prcfOTed salt is ammonium suljErte. Ammonium sulfite precipitates protems by 
effectively reducing the amount ofwaterm the protein mixture. Protdnsthen 
precipitate on the basis of their solubility. The more hydrophobic a protfein is, the 
more likely it is to precqiitate at lowCTanmionimi sulfite concent Atypical 
protocol includes adding saturated ammonium sulfite to a protem solution so that the 
resultant ammonium sulfite concentration is between 20-30%. This concentration 
will precipitate the most hydrophobic of proteins. The precipitate is then discarded 
(unless the protein of mterest is hydrophobic) and ammonium sulfite is added to the 
supernatant to a concentration known to precipitate die protdn of interest The 
precipitate is then solubilited m buflBsr and the excess salt removed if necessary, 
either through dialysis or diafiltration. Other mefliods that rely on solubility of 
proteins, such as cold ethanol precipitation, are weU known to those of skiU in the art 
and can be used to fractionate complex protein mixtures. 

RiVft nifTerential Filtration 
The molecular weight of iEIsKip3d can be used to isolated it from proteins of greater 
and lesser size usmg ultraJSltration through membranes of different pore size (for 
example, Amicon or Millipore membranes). As a first step, tiie protein mixture is 
ultrafiltered through a membrane with a pore size that has a lower molecular weight 
cut-off than the molecular weight of the protein of interest The retentate of the 
ultrafiltration is then ultrafiltered against a membrane with a molecular cut off greater 
tiian the molecular weight ofthe protem of interest The recombmant protein will 
pass through the membrane into the filtrate. The filtrate can then be chromatographed 
as described below. 
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rnlnmn Chromatography 
HsKipSd can also be s^arated fixjm other piotems on the baas of its size, net soi&ce 
charge, hydrophobicity, and affinity for ligands. In addition, antibodies raised against 
proteins can be conjugated to column matrices and Ihe proteins immunopurified. All 
5 of these methods are well known in the art It will be parent to one of skiD fliat 
dnomatographic techniques can be performed at any scale and using equqjment fiom 
many differmt manufecturers (e.g., Pharmacia Biotech). 

V. liQuiiimoIogical Detection of HsKip3d 
10 In addition to Ihe detection ofHsKip3d genes and gene expression 

using nucldc add hybridization tedmology, one can also use immunoassays to detect 
HsiOpSd. Immnnoassjorscanbeusedtoquaiitativelyorquantitatively analyze 
HsKipBd. A general overview of flie appUcable technology can be found in Harlow & 
Lane, Antibodies: A Laboratory Manual (1988). 

15 

A. Antibodies to HsK^pSd 
Mefliods of producing polyclonal and monoclonal antibodies that react specifically 
with HsKip3d are known to fliose of ^ in flie art (see, e.g., Coligan, Current 
Protocob in Immunology (1991); Harlow & Lane, siq>ra\ Coding, Monoclonal 

20 Antibodies: Principles and Practice (2d ed. 1986); and Kohler & Rfilstein. Nature 
256:495-497 (1975). Such techniques include antibody preparation by selection of 
antibodies fiom hbraries of reconibinaiit antibodies in phage or similar vectors, as 
well as preparation of polyclonal and monoclonal antibodies by immunizmg rabbits or 
mice (see, e.g., Huse et aL, Science 246:1275-1281 (1989); Ward et al. Nature 

25 341:544-546(1989)). 

Humanized forms of mouse antibodies can be generated by linking the CDR r^ons 
of non-human antibodies to human constant regions by recombinant DNA techniques. 
See Queen et aL, Proc. Natl. Acad. Sci. USA 86, 10029-10033 (1989) and WO 
30 90/07861 (incorporated by reference for all purposes). 

Human antibodies can be obtained using phage-display methods. See, e.g., Dower et 
aL, WO 91/17271; McCaflFerty et aL, WO 92/01047. In these methods, Ubraries of 
phage are produced in which membos display diffraent antibodies on flieir 
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outersurfaces. Antibodies are usually displayed as Fv or Fab fiagmcats. Phage 
displaying antibodies with a desired specificity are selected by afGnity enrichment to 
HsKip3d or firagments thereof. Human antibodies against HsKipSd can also be 
produced from non-human transgenic mammals having transgenes encoding at least a 

5 segment of the human immunoglobulin locus and an inactivated endogenous 

immunoglobulin locus. See, e.g., Lonberg et al., W093/12227 (1993); Kucherlapati, 
WO 91/10741 (1991) (each of which is incoiporated by reference m its entirety for all 
purposes). Human antibodies can be selected by competitive bmdingejqperiments, or 
otherwise, to have the same epitope specificity as a particular mouse antibody. Such 

10 antibodies are particularly likely to share the usefiil fimctional properties of the mouse 
antibodies. Human polyclonal antibodies can also be provided mfliefom of serum 
fiom human immunized with an unmunogenicagOTt Optionally, such polyclonal 
antibodies can be concentrated by affinity purification using HsKq)3d as an affinity 
reagent 

15 

A numbor of HsKip3d con^rising immunogens may be used to produce antibodies 
specifically reactive witiiHsKipSd. For example, recombinant HsKip3d or a 
antigenic Augment thereof such as the motor domam, is isolated as described herem. 
Recombmant protein can be expressed in eukaryotic or prokaryotic cells as described 

20 above, and purified as generally described above. Recombinant protein is flie 
preferred immunogen for tiie production of monoclonal or polyclonal antibodies. 
Alternatively, a synttietic pqptide derived from flie sequences disclosed herein and 
conjugated to a carrier protein can be used an hnmunogen. Naturally occurring 
protem may also be used eitiier m pure or unpure form. The product is then injected 

25 into an animal capable of producing antibodies. Eitiier monoclonal or polyclonal 
antibodies may be generated, for subsequent use in immunoassays to measure ttie 
protdiL 
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Methods of production of polyclonal antibodies are known to those of skill in the ait 
An inbred strain of mice (e.g., BALB/C mice) or rabbits is immunized with the 
• protein using a standard adjuvant, such as Freund's adjuvant, and a standard 
immunization protocol. The animal's immune response to the immunogen preparation 
5 is monitored by taking test bleeds and deteraiining the titer of reactivity to HsKipSd. 
When appropriately high titers of antibody to the immunogen are obtained, blood is 
collected fix)m the animal and antisera are prq>ared. Further fractionation of the 
antiseia to enrich for antibodies reactive to the protein can be done if desued {see 
Harlow & Lane, stq)ra). 

10 

Monoclonal antibodies may be obtained by various techniques fianiliar to fliose 
skilled in tiie art Briefly, splem cells from an animal hnmunized with a desired 
antigen are immortalized, commonly by fusion with a myeloma cell (see Kohler & 
Milstein, Eur. J. Immunol. 6:511-519 (1976)). Altemafive methods of 

15 hnmortalization include transformation witii Epstein Barr Virus, oncogenes, or 
retroviruses, or otfier methods well known in the art. Colonies arising from single 
immortalized cells are screened for production of antibodies of the desired specificity 
and affinity for the antigen, and yield of the monoclonal antibodies produced by such 
ceUs may be enhanced by various techniques, including mjection into the peritoneal 

20 cavity of a vertebrate host. Alternatively, one may isolate DNA sequences which 
encode a monoclonal antibody or a binding fragment thereof by screening a DNA 
library from human B cells according to the general protocol outlined by Huse et a/.. 
Science 246:1275-1281 (1989). 

25 Monoclonal antibodies and polyclonal sera are collected and titered against the 

immunogen protein in an unmunoassay, for example, a solid phase immunoassay with 
flie immunogpn unmobiUzed on a solid support. Typically, polyclonal antisera with a 
titer of 10"* or greater are selected and tested for their cross reactivity against non- 
HsKip3d proteins or even other homologous proteins from other organisms (e.g., C. 

30 elegans unc-104 or human Kifl A), using a con:5)etitive binding unmmioassay. 

Specific polyclonal antisraa and monoclonal antibodies will usually bind with a Kd of 
at least about 0.1 mM, more usually at least about IpM, preferably at least about 0.1 
jiM or better, and most preferably, 0.01 pM or better. 
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Once HsKip3d specific antibodies are available, HsKip3d can be detected by a variety 
of innnunoassay methods. For a review of immunological and immunoassay 
procedures, see Basic and Clinical Immunology (Stites & Terr eds., 7th ed. 1991). 
Moreover, the immunoassays of the present invention can.be performed in any of 
5 several configurations, which are reviewed extensively in Enzyme Immtmoassay 
(Maggio ei, 1980); and Harlow & Lane, sig^ra. 

B. Binding assays 
Antibodies can be used for treatment or to identify the presence of HsKip3d having 

10 the sequence identity characteristics as described herein. Additionally, antibodies can 
be used to identify modulators of the mteraction between the antibody and HsKq>3d 
as fiirflier described below. While tiiie following discussion is directed toward the use 
of antibodies in tiie use of bindmg assays, it is understood that the same general assay 
formats such as those described for ••non-cdmpetitive'* or "competitive" assays can be 

15 used with any compound which binds to Haap3d such as microtiAules or flie 
compounds described in Serial No. 60/070,772. 

M apreferred embodiment, HsKip3d is detected and/or quantified using any of a 
number of well recognized immunological binding assays {see, e.g., U.S. Patents 

20 4,366,241; 4,376,110; 4,517,288; and 4,837,168). For a review of tiie general 
immunoassays, see also Methods in Cell Biology Volume 37: Antibodies in Cell 
Biology (Asai, ed. 1993); Basic and Cliniad Immunology (Stites & Terr, eds., 7th ed. 
1991). Immunological binding assays (or immunoassays) typically use an antibody 
that specifically binds to a protein or antigen of choice (m this case the HsKip3d or 

25 antigenic subsequence tiiereof). The antibody (e.g., anti-HsKip3d) may be produced 
by any of a number of means well known to tiiose of skill in the art and as described 
above. 

Immunoassays also often use a labeling agent to specifically bind to and label flie 
30 complex formed by tiie antibody and antigen. The labeling agent may itself be one of 
the moieties comprising flie antibody/antigen complex. Thus, the labeling agent may 
be a labeled HsKip3d polypeptide or a labeled anti-HsICip3d antibody. Alternatively, 
the labeling agent may be a third moiety, such a secondary antibody, that specifically 
binds to the antibody/HsKip3d complex (a secondary antibody is typically specific to 
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antibodies of the species finom which the first antibody is derived). Other proteins 
capable of specifically binding immunoglobiilin constant regions, such as protein A or 
protein G may also be used as the label agent These proteins exhibit a strong non- 
immunogenic reactivity with immunoglobulin constant regions fiom a variety of 
5 species {see generally Kronval et a/., J. Immunol 111:1401-1406 (1973); Akerstrom 
etal^llmmunol 135:2589-2542 (19»5)). The labeling agent can be modified with a 
detectable moiety, such as biotin, to which another molecule can specifically bind, 
such as streptavidin. A variety of detectable moieties are well known to those skilled 
in the art 

10 

Throughout the assays, incubation and/or washing stq)s may be required after each 
conibination of reagents. Licubation steps can vary fix)m about 5 seconds to several 
hours, preferably from about 5 minutes to about 24 hours. However, the incubation 
time will dq)eDd upon flie assay format, antigen, volume of solution, concentrations, 
15 and the like. Usually, ttie assays will be carried out at ambient temperature, although 
they can be conducted over a range of temperatures, such as 4**C to AXf*C. 

Non-Competi tivft Assay Formate 
Immunoassays for detecting HsKip3d in san^les may be either competitive or 

20 noncompetitive. Noncompetitive inmiunoassays are assays m which the amount of 
antigen is directly measured. In one preferred "sandwich" assay, for exanq)le, the 
anti-HsKip3d antibodies can be bound directly to a soKd substrate on which they are 
immobilized. These inmiobilized mtiT)odies then capture HsKip3d pre^ 
sample. HsKipSd is thus immobilized is then bound by a labeUng agent, such as a 

25 second HsKip3d antibody bearing a label. Altraiatively, the second antibody may 
lack a label, but it may, in turn, be bound by a liabeled tiiird antibody specific to 
antibodies of the species from which the second antibody is derived. The second or 
thiid antibody is typically modified with a detectable moiety, such as biotin, to which 
ano&er molecule specifically binds, e.g., streptavidin, to provide a detectable moiety. 
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Competitive assay formats 
In competitive assays, tiie amount of HsKip3d present in tihie sample is measured 
indirectly by measuring the amount of a known, added (exogenous) HsKip3d 
displaced (competed away) from an anti-HsKip3d antibody by the unknown HsKipSd 

5 present in a sanq)le. In one competitive assay, a known amount of HsKipSd is added 
to a sample and the sample is thsa contacted with an antibody that specifically binds 
to HsKipBi The amount of exogenous HsKipBd bound to the antibody is inversely 
proportional to the concmtrationofHsKipSd present in tihe sample. In a particularly 
preferred embodiment, the antibody is immobilized on a solid substrate. The amount 

10 of HsKipBd bound to the antibody may be detemnned either by measuring the amount 
of HsKipBd present in a HsEHpBd/antibody complex, or alternatively by measuring the 
amount of remaining \mc6mplexed protein. The amount of HsKipBd may be detected 
by providing a labeled HsKipBd molecule. 

15 A hapten inhibition assay is another prefened competitive assay. In this assay the 
known HsKipBd, is immobilized on a solid substrate. A known amount of anti- 
HsKipBd antibody is added to the sample, and flie sanq^le is then contacted witii tiie 
HsKipBd. The amount ofanti-HskipBd antibody bound to the known immobilize 
HsKipBd is mvCTsely proportional to the amount of HsKipBd present m the sample. 

20 Again, the amount of immobilized antibody may be detected by detecting dther flie 
immobilized fiction of antibody or flie fraction of tihe antibody that remains m 
solution. Detection may be direct where the antiT)ody is labeled or mdnect by t^^ 
subsequent addition of a labeled moiety that specifically binds to tiie antibody as 
described above. 

25 

Cross-reactivity determinations 
Immunoassays in the competitive binding format can also be used for crossreactivity 
determinations. For examplle, a protein at least partiaUy encoded by SEQ ID NO:2 
can be immobilized to a solid support Proteins (e.g., G. elegans unc-104 or human 
BO Kifl A) are added to the assay that compete for binding of the antis^a to tiie 

immobilized antigen. The ability of the added proteins to compete for binding of the 
antisera to tiie immobilized protein is compared to the abihty of HsKipBd encoded by 
SEQ ID N0:2 to compete with itsel£ The percent crossreactivity for the above 
proteins is calculated, using standard calculations. Those antisera with less flian 10% 
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crossreactivity with each of the added proteins listed above are selected and pooled. 
The cross-reacting antibodies are optionally removed jBrom the pooled antisera by 
immunoabsorption with the added considered proteins, e.g., distantly related 
homologues. 

5 

The iznmunoabsorbed and pooled antisera are then used in a competitive binding 
immunoassay as described above to compare a second protein, thought to be perhq)S 
the protein of this invention, to the immunogen protein (i.e., HsKip3d of SEQ ID 
N0:2). In order to make this comparison, the two proteins are each assayed at a wide 

10 range of concentrations and the amount of each protdn required to inhibit 50% of the 
binding of the antisera to the immobilized protein is determined. , If the amount pf the 
second protdn required to inhibit 50% of bindmg is less than 10 times the amount of 
the protein encoded by SEQ ID N0:2 fliat is required to inhibit 50% of bindmg, then 
the second protein is said to specifically bind to the polyclonal antibodies generated to 

IS a HsKipSd ioununogen. 

other assay formats 
Western blot (hnmunoblot) analysis is used to detect and quantify the presence of 
HsKip3d in the sample. The technique generally comprises separating sample 

20 proteins by gel electrophoresis on the basis of molecular weight, transferring the 
separated proteins to a suitable solid support, (such as a nitrocellulose filter, a nylon 
filter, or derivatized nylon filter)^ and incubating the sample with flie antibodies tiiat 
specifically bind HsKipSd. The anti-HsKip3d antibodies specifically bind to the 
HsKip3d on the solid siq)port. These antibodies may be directly labeled or 

25 alternatively may be subsequentiy detected using labeled antibodies (e.g., labeled 
sheep anti-mouse antibodies) that specifically bind to the anti-HsKip3d antibodies. 

Other assay formats include liposome immunoassays (LIA), which use liposomes 
designed to bind specific molecules (e.g.,-antibodies) and release enc^sulated 
30 reagents or markers. The released chemicals are then detected according to standard 
techniques {see Monroe et al.Amer. Clin. Prod. Rev. 5:34-41 (1986)). 
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Rednction of non-specific binding 
jOne of skill in the art will appreciate that it is often desirable to minimize non-spedfic 
binding in inununoassays. Particularly, vAiere the assay involves an antigen or 
antibody immobilized on a solid substrate it is desirable to minimize the amount of 
5 non-spedfic binding to the substrate. Means of reducing such non-specific binding 
are well known to diose of skill in the art Typically, this technique involves coating 
the substrate with a proteinaceous conq[)osition. In particular, protein conq)ositions 
such as bovine smmi albumin (BSA), nonfet powdered milk, and gelatin are widely 
used with powdered milk being most prefored. 

10 ' 
Labels 

The particular label or detectable groiq) used in the assay is not a a^^ 

invention, as long as it does not significantly interfere with the specific binding of the 

antibody used in the assay. The detectable gtoiq) can be any material having a 

15 detectable physical or chemical property. Such detectable labels have been well- 
developed in the field of immunoassays and, in general, most any Igbel usefiil hi such 
methods can be qjpUed to the present invention. Thus, a label is any composition 
detectable by spectroscopic, photochemical, biochemical, immunochemical, 
electrical, optical or chemical means. Usefiil labels m the present invention include 

20 magnetic beads (e.g., DYNABEADS™), fluorescent dyes (e.g., fluorescein 

isothiocyanate, Texas red, rhodamine, and the like), radiolabels (e.g., ^ ^^S, *^C, 
or ^^P), enzymes (e.g., horse radish peroxidase, alkaline phosphatase and others 
commonly used in an ELISA), colorimetric labels such as colloidal gold or colored 
glass or plastic beads (e.g., polystyrene, polypropylene, latex, etc.) or otiier labels that 

25 can be detected by mass 

spectroscopy, NMR spectroscopy, or otiier analytical means known in the art 

The label may be coupled dkectiy or indirectiy to tiie desired component of tiie assay 
30 according to methods well known in flie art As indicated above, a wide variety of 
labels may be used, wifli tiie choice of label dqiending on sensitivity required, ease of 
conjugation witii tiie compound, stability reqmrements, available mstrumentation, and 
disposal provisions. 
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Non-radioactive labels are oftea attached by indirect means. Generally, a ligand 
molecule (e.g., biotin) is covalently bound to the molecule. The ligand then binds to 
another molecules (e.g., strq)tavidin) molecule, which is either inhCTently detectable 
or covalently bound to a signal system, such as a detectable enzyme, a fluorescent 
compound, or a chemiluminescent compound. The Ugands and their targets can be 
used in any suitable combination with antibodies tfiat recognize HsKip3d, or 
secondary antibodies that recognize antL-HsKip3d. 

The molecules can also be conjugated directly to signal generating conqiounds, e.g., 
by conjugation with an enzyme or fluorophore. Enzymes of interest as labels will 
primarily be hydrolases, particularly phosphatases, esterases and glycosidases, or 
oxidases, particularly peroxidases. Fluorescmt compounds inchide fluorescein and its 
derivatives, rfaodamine and its derivatives, dansyl, umbellifeone, etc. 
Chemiluminescent conqK>unds mclude ludferin, and 2,3-dihydrq phtfaal a zine diones, 
e.g-, luminol. For a review of various labeling or signal producing systans which 
may be used, see U.S. Patent No. 4,391,904. 

Means of detecting labels are well known to those of drill in the art Thus, for 
example, where the label is a radioactive label, means for detection include a 
scintillation counter or photographic fihn as in autoradiography. Where flie label is a 
fluorescent label, it may be detected by exciting the fluorochrome with the 
appropriate wavelengfli of Ught and detecting tiie resulting fluorescmce. The 
fluorescence may be detected visually, by means of photogr^hic film, by the use of 
electronic detectors such as charge coupled devices (CCDs) or photomultipliers and 
the like. Similarly, enzymatic labels may be detected by providing flie appropriate 
substrates for the enzyme and detecting tiie resulting reaction product Fmally simple 
colorimetric labels may be detected simply by observmg the color associated with the 
labeL Thus, in various dipstick assays, conjugated gold often appears pink, while 
various conjugated beads appear the color of the bead. 

Some assay formats do not requke the use of labeled components. For instance, 
agglutination assays can be used to detect flie presence of flie target antibodies. In fliis 
case, antigen-coated particles are ajgglutinated by samples comprising the target 
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antibodies. bifMsfonnat, none offheconq)onents need be labeled and 
of the target antibody is detected by simple visual inspection. 

VI. Assays for modalators of the target protein 
5 A. Functional assays 

The activity of biologically active HsKip3d can be assessed using a variety of m vitro 

or in vivo assays known in the art, e.g., ATPase, microtubule gliding, and microtubule 
.10 binding, microtubule depolymeiization assays (Kodama et al, J. Biochem. 99: 1465- 

1472 (1986); Stewart et al, Proc. Nat'lAcad, ScL USA 90: 5209-5213 (1993); 

(LombiUoe^o/.,/. CellBioL 128:107-115 (1995); (Vale era/., CfeZ/ 42:39-50 (1985)). 

Methods of perfonning motility assays are well known (see, e.g.. Hall, et al. (1996), 

Biophys. J., 71: 3467-3476, Turner et aL, 1996, Anal. Biochem. 242 (l):20-5; Gittes 
15 et al., 1996, Biophys. J. 70(1): 418-29; Shirakawa et al., 1995, J. Exp. Biol. 198: 

1809-15; Winkehnann et al., 1995, Biophys. J. 68: 2444-53; Winkeknann et al., 1995, 

Biophys. J. 68: 72S, and the like). 

A preferred assay for high 11irouglq)ut screening is an ATPase assay with colorimetric 
detection, e.g., malachite green for end-point detection or coi^led PK/LDH for 
continuous rate monitoring. An exenq)lary ATPase activity assay utilizes 0.3 M PCA 
(perchloric acid) and malachite green reagent (8.27 mM sodium molybdate II, 0.33 
mM malachite green oxalate, and 0.8 mM Triton X-100). To perform tiie assay, 10 jiL 
of reaction is quenched in 90 jiL of cold 0.3 M PCA. Phosphate standards are used so 
data can be converted to mM morganic phosphate released When all reactions and 
standards have been quenched m PCA, 1 00 iiL of malachite green reagent is added to 
the to relevant wells in e.g., a microtitCT plate. The mixture is developed for 10-15 
minutes and the plate is read at an absoibance of 650 run. If phosphate standards were 
used, absoibance readings can be converted to mM Pi and plotted over time. 
Additionally, ATPase assays known in the art include the luciferase assay. 

Another exemplary assay can be performed using the following two specific 
solutions. Solution A contains ImM ATP, 2mM phosphoenolpyruvate in a working 
buffer (25mM Pipes pH 6.8, 2mM MgC12, ImM EGTA, ImM DTT, 5iM taxol, 
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25ppm Antifoam, pH 6.8. Solution B contains 0.6mM NADH, O^g/bil BSA, 1:100 
dilution of PBC/LDH mixture fix)m Sigma, 200ng/ml microtubules, lOOnM HsKip3d 
(i.e. ~2.5ng/ml). 

5 To initiate flie ejqjeriment, 1 jil of DMSO stock of test con^wunds is added to each 
well of the bottom row of a 96-well half area plate. Control wells contain only 
DMSO alone. 50nl of solution A is then added to each well. The solutions arc mixed 
by lepeated pipetting, followed by a series of dilution by repeated transferring of 50jil 
of solution between rows. The reaction is initiated by adding 50pl of solutions. The 

10 plate is then inserted in.the reader and absorbance at 340dM was monitored for 5 min. 
The observed rate for SOpl Solution A + SOjU Sohition B in a half-area plate should be 
about 100 mODAnin. Optionally, a series of dilution is made and absorbance 
similariy measured. Similar procedures can be used to study the inhibitory efifect of a 
test agent on tiie basal (i.e., not microtubule^endent) ATPase of HaK^3d. In these 

15 assays, nricrotiibules are omitted fix>m Solution B, and HsKip3d concentration is 
increased to at least 2 mM. 

Such assays can be used to test for the activity of HsKip3d isolated fiom endogenous 
sources or recombinant sources. Furthennore, such ass^ can be used to test fiar 
20 modulators of HsKipSd. Modulators can increase or decrease activity of HsKip3d. 
Some modulators identified by such assays are specific fi)r HsKip3d, whereas other 
modulators crossreact with one or more other membera of the Idnesm superfimily, 
particularly othras fix>m the Kip family. 

25 In a preferred embodiment, molecular motor activity is measured by flie methods 
disclosed in Serial No. 09/314,464, filed May 18, 1999, entitled "Compositions and 
assay utilizing ADP or phosphate for detecting protein modulators", which is 
incorporated herein by reference in its entirety. More specifically, tiiis assay detects 
modulators of any aspect of a kinesin motor function ranging from interaction with 

30 microtubules to hydrolysis of ATP. ADP or phosphate is used as flie readout for 
protdn activity. 
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There are a number of enzymatic assays known in the art ^4richi^ 
substrate. For example, Idiiase reactions such as pymvate kinases are known. See, 
Nature 78:632 (1956) and Mol. Pharmacol 6:3 1 (1970). . This is a preferred method in 
that it allows flie regeneration of ATP. fix one embodiment, the level of activity of the 

5 enzymatic reaction is determined directiy. In a preferred embodiment, the level of 
activity of the enzymatic reaction which uses ADP as a substrate is measured 
indirectly by being coupled to another reaction. For example, in one embodiment, the 
method further comprises a lactate dehydrogenase reaction under conditions which 
normally allow the oxidation of NADH, wherein said lactate dehydrogenase reaction 

10 is dependent on the pyruvate kinase reaction. Measurement of enzymatic reactions by 
coupling is known in the art Furttiermore, th^e are anumber of reactions which 
utilize phosphate. Exan^>lesofsuch reactions mclude a purine nucleoside 
phosphorylase reaction. This reaction can be measured directly or indirectly. A 
particularly preferred embodimmts utilizes the pyravate fcmase/lactate dehydrogwase 

IS system. 

In one embodiment, the detection of tilie ADP or phosphate proceeds non- 
enzymatically, for exan5)le, by bmding or reacting the ADP or phosphate witii a 
detectable compound For exan^le,phosphomolybdate based assays may be used 
20 which involve conversion of fiee phosphate to a phosphpmolybdate complex. One 
method of quantifying die phosphomolybdate is wifli malachite green. Alternatively, 
a fluorescently labeled form of a phosphate binding.protein, such as the E. coli 
phosphate binding protein, can be used to measure phosphate by a shift in its 
fluorescence. 

25 

In addition, target protein activity can be examined by determming modulation of 
target protem in vitro using cultured cells. The cells are treated with a candidate agent 
and the effect of such agent on the cells is then determined either directiy or by 
examining relevant surrogate markers. For example, characteristics such as mitotic 
30 spindle morphology and cell cycle distribution can be used to determme the effect 
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Thus, in a preferred embodiment, the mettiods comprise combining a target protein 
and a candidate agent, and determining the effect of the candidate agent on the target 
protein. Generally a plurality of assay mixtures are run in piu:allel wifli different agent 
concentrations to obtain a diflfCTential response to the various concentrations. 
5 Typically, one of these concentrations sCTves as a negative control, i.e., at zero 
concentration or below the level of detection. 

As will be £^reciated by those in the art, the components may b e added in buffers 
and reagents to assay target protein activity and ^veoptiinal signals. Sincethe 
10 mettiods allow kinetic measurements, the incubation periods can be optimized to give 
adequate detection signals over ttie background. 

In apreferred embodiment, an antifoam or a surfectant is included in the assay 
mixture. Suitable antifoams include, but are not limited to, antifoam 289 (Sigma). 
15 Suitable surfectantsinchide, but are not limited to, Tween, Tritons, u^^^ 

X-100, s^onins, and polyo3<yettiylene ethers. Generally, the antifoams, detergents, or 
surfisujtants are added at a range fiom about 0.01 ppm to about 1 0 ppm. 

A preferred assay design is also provided. In one aspect, the mvention provides a 
20 multi-time-point (kinetic) assay, with at least two data points being preferred. In the 
case of multiple measurements, the absolute rate of the protein activity can be 
determined. 

25 B. Binding Assays 

In a preferred embodiment, the binding of the candidate agent is determined through 
the use of competitive binding assays. In this embodiment, the competitor is a 
binding moiety known to bind to the target protein, such as an antibody, peptide, 
30 binding partner, ligand,eto. Under certain circumstances, there may be competitive 
bindmg as between the candidate agent and the bmding moiety, with the bmdmg 
moiety displacing the candidate agent 
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Competitive screening assays may be done by combining the target protein and a drag 
candidate in a first sample. A second sample comprises a candidate agent, the target 
protein and a compound that is known to modulate die target protein. This may be 
performed in either the presence or absence of microtubules. The binding of the 
5 candidate, aggnt is determined for both samples^ and a change, or difference in binding 
between the two samples indicates the presence of an agent capable of binding to the 
target protein and potentially modulating its activity. That is, ifthe binding of the 
mndidatft agent is difTerent in the second sample relative to the first sample, the 
candidate agent is enable of binding to the target protda 

10 . 

In one embodiment, the candidate agent is labeled. Either the candidate agrat, or the 
competitor, or both, is added first to the target protem for atime suflBdent to allow 
binding- Incubations may be performed at any tCTq)CTature which fecilitates optimal 
activity, typically between 4 and 40*'C. Incubation periods are selected for optimum 

15 activity, but may also be optimized to fecilitate rapid high tinoughput screening. 
Typically between 0.1 and 1 hour will be suflfidmt Excess reagent is generally 
removed or wa^ed away. The second component is flien added, and the presence or 
absence of the labeled component is followed, to indicate bindmg. 

20 In a preferred embodunrat, the competitor is added first, followed by tiie candidate 
agent. Displacement of the competitor is an indication the candidate agent is bmding 
to the target protein and thus is capable of binding to, and potentially modukting, the 
activity of the target protein. In fliis ranbodiment, either component can be labeled. 
Thus, for. example, if the competitor is labeled, the presence of label in the wash 

25 solution indicates displacement by the agent Alternatively, if the candidate agent is 
labeled, flie presence of the label on the support indicates displacement. 

In an alternative embodiment, the candidate agent is added first, with incubation and 
washing, followed by the competitor. The absence of binding by the competitor may 
30 indicate the candidate agent is bound to the target protein with a higher affinity. 
Thus, if flie candidate agent is labeled, the presence of the label on the siq)port, 
coiq)led with a lack of competitor bmding, may mdicate the candidate agent is capable 
of bindmg to the target protein. 
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C. Candidate agents 

Candidate agents encompass numerous chemical classes, diough ^ically they are 
5 organic molecules, preferably small organic compounds having a molecular weight of 
more than 100 and less than about 2,500 daltons. Candidate agraits comprise 
functional gmaps necessary for structural interaction wifli proteins, particularly 
hydrogen bonding, and typically include at least an amine, carbonyl, hydroxyl or 
carboxyl group, preferably at least two of the fimctional chemical groiq)s. The 
10 candidate agents often comprise cyclical carbon or hetaocyclic structures and/or 
aromatic or polyaromatic structures substituted with one or more of the above 
functianal groups. Candidate agents are also found among biomolectjles including 
peptides, saccharides, fatty acids, steroids, purines, pyrimidmes, derivatives, structural 
analogs or combmations thereof Particularly prefenred are peptides. 

15 

Candidate agents are obtained fiom a wide variety of sources including hTiraries of 
synthetic or natural compounds. In a preferred embodiment, the candidate agents are 
organic chemical moieties, a wide variety of which are available in the Uterature. 
Combinatorial libraries can be produced for many types of compounds that can be 
20 synthesized in a step-by-step fashion. Such compounds include polypeptides, 
proteins, nucleic adds, beta-tum mbnetics, polysaccharides, phosphol^nds, 
hormones, prostaglandins, sta»ids, animatic compounds, heterocyclic coiiqiounds, 

baizodiazq>ines, oli^eric N-substituted gtycmes and oligocarbamates. Large 
combinatorial libraries of compounds can be constructed by the encoded synthetic 

25 hTwaries(ESL) method desctfl>ed in Af^wnax, WO 95/12608, Af^rauK WO 

93/06121, Columbia University, WO 94/08051, Phannaoopeii WO 95/35503 and 
SCTipps, WO 95/30642 (each of which is incorporated hereni by reference in its 
entl«^ for all purposes). Peptide libraries can also be gmerated by phage display 
methods. See, e.g., Devlin, WO 91/18980. Compounds to be scremed can also be 

30 obtained from governmental or private sources, including, e.g., the National Cancer 
Institute's (NCI) Natural Product Repository, Bethesda, MD, the NQ Open Synthetic 
Compound Collection, Belhesda, MD, NQ's Developmental Therapeutics Program, 
or the like. Compounds to be screened can also be obtained from govemmaital or 
private sources, including. e.g., the National Cancer Institute's (NO) Natural Product 
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Repository, Bethesda, MD, the NCI Open Synthetic Compound Collection, Bethesda, 
MD, NCFs Developmental Ther^eutics Program, or the like. 

5 D. Other assay components 

The assays provided utilize target protein as defined herein. In one embodnnent, 
portions of target protein are utilized; in a preferred embodiment, portions having 
target protein activity as described herem are used. In addition, the assays described 
1 0 herem may utilize either isolated target protems or cells or animal models comprising 
the taig^ proteins. 

A variety ofother reagents may be included in the screening assays. These include 
reagents like salts, neutral protems, e.g. albumm, detergents, etc which may be used to 
15 fecilitate optimal protein-pioteinbindmg and/or reduce non-specific or background 
mteractions. Also, reagents tiiat oflieiwise mqmive tiie efficieacy of the ass^, such 
as protease mhibitors, nuclease inhibitors, anti-microbial agents,^etc., may be used. 
The mixture of corcponents may be added in any order that provides for the requisite 
binding. 

20 

Vn. Applications 

The methods of flie invention are used to idmtify confounds useful in the treatment 
of cellular proliferation diseases. Disease states ^ch can be treated by the methods 

25 and compositions provided herdn mchide, but are not Umited to, cancer (further 

discussed below), autoimmune disease, arttnitis, graft rejection, inflammat ory bowel 
disease, proliferation induced after medical procedures, mcluding, but not limited to, 
surgery, angioplasty, and the like. It is qjpreciated fliat in some cases flie cells may 
not be m a hyper or hypo proliferation state (abnormal state) and stiU requ^ 

30 treatment For example, during wound healing, the cells may be proliferating 

"normally", but proliferation enhancement may be desired. Similarly, as discussed 
above, m the agriculture arena, cells may be in a "normal" state, but proliferation 
modulation may be desired to enhance a crop by directiy enhancmg growfli of a crop. 
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or by inhibiting the growfli of a plant or organism vMch. adversely affects the crop. 
Thus, in one embodiment, the invention herein includes application to cells or 
individuals afOicted or impending affliction with any one of these disorders or states. 

The compositions and mefliods provided hsdn are paiticulaiiy deoned usefiil for flie 

5 treatment of cancCT including solid tumors such as skin, breast, brain, c^cal 

carcinomas, testicular carcinomas, etc. More particularly, cancers that maybe treated 
by tiie compositions and mefliods of the invention include, but are not limited to: 
Cardiac: sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma), 
myxoma, rhabdomyoma, fibroma, lipoma and teratoma; Lung: bronchogenic 

10 cardnorna (squamous cell, undifferentiated small cell, undifferraitiated large cell, 
• adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, 
lynyhoma, chondromatous hamartoma, meso&elioma; G^gtrointestmal: esophagus 
(squamous cpll carcinoma, adenocananoma, Idomyosarcoma, lyn^homa), stomach 
(catcinama, lymphoma, Idomyosarcbma), pancreas (ductal adenocarcinoma, 

15 insulinoma, glucagononia,gastrinonia,cardnoid tumors, vipoma), snaallbowd 
(adenocarcinoma, lyiiq>hQma, carcinoid tumors, Kaiposi's sarcoma, leiomyoma, 
hemangioma, l^oma, neurofibroma, fibroma), large bowel (adenocarcinoma, tubular 
adenoma, villous adenoma, hamartoma, leiomyoma); Genitoiffinaiy tract: kidney 
(adenocarcinoma, Wilm's tumor [nephroblastoma], lymphoma, leukemia), bladder 

20 and urelhra (squamous ceUcananonM, transitional ceU carcinoma, adenocananoma), 

prostate (adenocarcinoma, sarcoma), testis (seminoma, teratoma, onbryonal 
cardnoma, teratocardnoma, dioriocarcinoma, sarcorna, interatitial cell carcinoma, 
fibroma, fibroadenoma, adenomatoid tumors, lipoma); Ujsp hepatoma 
(hepatocellular cardnoma), diolangiocardnoma, hq)atoblastoma, angiosarcoma, 

25 hqpatocellular adenoma, hemangioma Boas: osteogenic sarcoma (osteosarcoma), 
fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewingfs sarcoma, 
maHgnant lymphoma (reticutam cell sarcoma), multiple myeloma, mafignant giant 
cell tumor chordomi^ osteochronfix)ma (osteocartQj^inous exostoses), benign 
chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell 

30 tiimors: Nervous system : skuU (osteoma, hemaogioma, granuloma, xanthoma, ostdtis 
deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain 
(astrocytoma, medulloblastoma, gUoma, ependymoma, germinoma [pinealoma], 
gUoblastoma multiform, oUgodendrogJioma, schwannoma, retinoblastoma, congenital 
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tumors), spinal cord neurofibroma, m^iingioma, glioma, sarcoma); Gynecological : 

* uterus (endometrial carcinoma), cervix (cervical carcinoma, pre-tumor cervical 
dysplasia), ovaries (ovarian carcinoma [serous cystadenocarcinotna, mucinous 
cystadenocarcinoma, unclassified carcinoma], granulosa-thecal cell tumors, Sertoli- 

5 Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell 
carcinoma, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), 
vagina (clear cell carcinoma, squamous cell carcinoma, botryoid sarcoma (embryonal 
ifaabdomyosarcoma), fallopian tubes (caidnoma); Hematologic : blood (myeloid 
leukemia (acute and chronic), acute lymphoblastic leukemia, chronic lymphoc3^c 

10 leukemia, myeloproli&xitive diseases, multiple myeloma, myelodysplastic 

syndrome), Hodgildn*s disease, non-Hodgkin's. lymphoma [malignant lymphoma]; 
^<3lrin! malignant melanoma, basal cell caidnoma, squamous cell carcinoma, Kaiposi*s 
sarcoma, moles dysplastic nevi, lipoma, angioma, dennatofibioma, keloids, psoriasis; 
and Adrenal plands : neuroblastoma. Thus, the tmn ''cancerous cell" as provided 

1 5 herein, includes a cell afOicted by any one of the above identified conditions. 

Accordingly, the compositions of the invention are administered to cells. By 
"administered" herein is meant administration of a ther^eutically effective dose of 
the Candidate agents of the invention to a cell either in cell culture or in a patient. By 
"ther^eulically effective dose" herein is meant a dose that produces the effects for 

20 v^chitisadministeired. The exact dose will depend on the purpose of the treatment, 
and wiU be ascertainable by one skiUed in &e art using known techniques. Asis 
known in the art, iEuljustments for systemic versus localized delivery, age, body 
wdght, general health, sex, diet, time of administration, drug interaction and the 
severity of the condition may be necessary, and will be ascertainable with routine 

25 experimentation by those skilled in the art. By "cells" h^^ is meant almost any cell 
in which mitosis or meiosis can be altered. 

A "patient" fi^r the purposes of the present invention includes both humans and other 
animals, particularly mammals, and other organisms. Thus the methods are 

* applicable to both human ther^y and veterinary applications. In the preferred 
30 embodunent the patient is a mammal, and in the most preferred embodiment the 

patirat is human. 
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Candidate agents having the desired phaimacological activity may be administered in 
a physiologically acceptable carrier to a patient, as described herein. Depending upon 
the manner of introduction, the compounds may be formulated in a variety of ways as 
discussed below. The concentration of ther^eutically active compound in the 
formulation may vary fix)m about 0.1-100 wt.%. The agents maybe administered 
alone or m combination with other treatments^ i.e:, radiation, or other 
chemotfaer^eulic agents. 

In a preferred embodiment, the pharmaceutical compositions are m a water soluble 
form, such as phannaceutically acceptable salts, which is meant to include both acid 
and base addition salts. 

The pharmaceutical compositions can be prepared in various forms, such as granules, 
tablets, pills, siq)positories, c^sules, suspensions, salves, lotions and the like. 
Pharmaceutical grade organic or inorganic carriers and/or diluents suitable for oral 
and topical use can be used to make up compositions containing the tfaerapeutically- 
active compounds. Diluents known to the art mclude aqueous media, vegetable and 
animal oils and fats. Stabilizing agents, wetting and emulsifying agents, salts for 
varying the osmotic pressure or buJffers for securing an adequate pH value, and skin 
penetration enhancers can be used as auxiliary agents. The pharmaceutical 
compositions may also include one or more of the following: carrier proteins such as 
serum albumin; buffers; fillers such as microcrystalline cellulose, lactose, com and 
otiier starches; binding agents; sweeteners and other flavoring agents; coloring agents; 
and polyethylene glycol. Additives are well known in the art, and are used ma 
variety of formulations. 

The administration of flie candidate agents of the present invention can be done in a 
variety of ways as discussed above, including, but not limited to, orally, 
subcutaneously, intravenously, intranasally, transdermally. intraperitoneally, 
intramuscularly, intrapuhnonaty, vaginally, rectally, or mtraocularly. In some 
instances, for example, in the tresitment of wounds and inflammation, the candidate 
agents may be directly applied as a solution or ^ray . 

One of skill in the art will readily appreciate that the metiiods described herein also 
can be used for diagnostic applications. A diagnostic as used harein is a compound or 
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method tiiat assists in the identification and characterization of a health or disease 
state in humans or other animals. 

The present invention also provides for kits for screening for modulators of the target • 
protein. Such kits can be prq)aredfi»m readily available materials and reagents. For 
exanq>le, such kits can conpnse any one or more of the following materials: 
biologically active target protein, reaction tubes, and instructions for testing activity 
of the target protdn. Preferably, flie kit contains biologically active target protein. A 
wide variety of kits and conq>oneats can be prepared according to the present 
invention, depending upon flie intended user of the kit and the particular needs of the 
user. For example, the kit can be tailored for ATPase assays, microtubule gliding 
assays, or microtobale binding assays. 

HsKipSd's miootubule motor activity makes it usefiil for a variety of othor 
appUcations. The kinesins of the present invention and in particular their motor 
domains can be used for separation of a spedfic Ugand fi»m a heterologous nrixtures 
in aqueous solution as described by Stewart (U.S. Patent No. 5,830,659). In the 
system discussed by Stewart, a kinesm motor domain is linked to a Ugand binding 
moiety, such as streptovidin. The chimeric kinesin motor domains are placed into a 
loading chamber containing the heterogeneous mixtures whidi is coupled to a 
receiving chamber by a channel bearing immobilized, aligned microtubules. Addition 
of ATP to the loading chamber results in translocation of tiie kinesin motor domains, 
now attached non-covalentiy to the desired Ugand via their ligand binding moiety, 
from the loading chamber to the receiving chambo-. Hence, the ATP-driven motility 
activity of the kinesin motor domain results in separation of flie desired Ugand from 
tiie heterogeneous mixture. According to Stewart, all kinesin motor domains are 
suitable for use in tixe separation system. 

The kinesins of flieir invoition and in particular tiieir motor domains may also be used 
in nanotechnological appUcations. In general, tiie abiUty to convert chemical energy 
to Unear force exrated vtpoa a microtubule substrate is useful in the design of 
nanoscale switching devices and nmometM scale rotory devices (see Komgmth, 
Nanotechnology and Biomolecidar Electronics, National fiistitute of Standards and 
Technology' White Paper). Kinesin motor domains may be used in flie construction of 
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rotors and oflier mechanical componaits (for review see Limberis and Stewart, 
Nanotechnology 11:47-51 (2000)); by linking ATP synthesis to aphotosynflietic 
process, kinesin motor domains may be employed as light-operated molecular shuttles 
useful for nanoscale switches andpun^s (see Dennis et al., Nanotechnology 10:232- 
236 (1999)). Additional q>plications mclude cascaded biomolecular linearmotoric 
motility systons, wherein a microtubule stator and kinesin slide are utilized in the 
design of an actuator (see Stracke et aL, Nanotechnology 1 1:52-56 (2000)) and linear 
analysis of polymers (see U.S. Patent No. 6,210,896). 

Nucleic acids encoding the kinesins of the mvention are also usefiil for inclusion on a 
GeneChipTM array or flie like for use in e]q>RSsion monitoring (see US 6,040,138, . 
BP853,679andW097/27317). Sudi arrays typically contamoKgonucleoticte or 
cDNAprobesto allow detection oflargenumbersbfmKNAswifliinamixtiirB. Many 
of the nucleic acids included in such arrays are fijom genes or ESTs that have not been 
well characterized. Sudi arrays are often used to.compareeiqiressibn profiles 
between different tissues or between different conditions of the same tissue ^leallhy 
vs. diseased or drug-treated vs. control) to identify differentiaUy expressed transcripts. 
The differentially expressed transcripts are then useMe-g., fiw diagnosis of disease 
states, or to characterize responses of drags. The nucleic acids of Ihe invention can be 
included on GeneChipTM arrays or the Uke together wifli probes containing a variety 
of other genes. The present nucleic acids are particularly useful fcx mclusion m 
GeneChipTM arrays for analyzing the ceU cycle or proliferation state of cells. 
Nucleic adds encoding HsKip3d can be combmed with nucleic adds encodmg other 
kinesin molecules and/or nucldc acids ftom other genes having roles m DNA 
repUcation, ceU division or olher ceU cycle function. Such arrays are useful for 
analyzing and diagnosing cells in a proliferating state, and diseases such as cancer 
diaracterized by presence of the same. Such arrays are also useful for analyzmg 
candidate drugs for roles m modulation of the cell cycle and proliferation. The 
efacacy of sudi drugs can be assayed by determinmg the effect of the drag on the 
expression profile of genes affecting proliferation and the cdl qrcle. 

VnL Examples 
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This assay is based on detection of ADP production &om a target protein's 
im,crotubule stimulated ATPase. ATP production is monitored by a coi^led enzyme 
system consisting ofpyruvate kinase and lactate ddbydrogenase. Under die assay 
conditions desraibed below, pyruvate kinase catalyzes the convCTsion of ADP and 
phosphoenol pyruvate to pyruvate and ATP. Lactate dehydrogenase then catalyzes 
die oxidation-reduction reaction of pyruvate and NADH to lactate and NAD+. Thus, 
for each molecule of ADP produced, one molecule of NADH is consumed. The 
amount of NADH in flie assay solution is monitored by measuring ligjit absoibance at 
a wavelengdi of 340 nm. 



The final 25 pi assay solution consists of the following: 5 fig/ml target protein, 30 
jigtol microtubules, 5 pM Taxol, 0.8 mM NADH, 1.5 mM phosphoenol pyravate, 3.5 
U/ml pyruvate kinase^ 5 U/ml lactate dehydrogenase, 25 mM Pipes/KOH pH 6.8, 
2niM MgCl2, 1 mM EGTA, 1 mM MDTT, 0.1 mg/ml BSA, 0.001% antifoam 289, 
15. andlmMATP. 

Potential candidate agents are dissolved in DMSO at a concentration of about 1 
mg/ml and 0,5 ^il of each chemical solution is dispensed into a single well of a clear 
384 well plate. Each of die 384 wells are then filled wifli 20 jU of a solution 
20 consisting of all of the assay components described above except for ATP. The plate 
. is agitated at a high frequency. To start the assay, 5 [il of a solution containing ATP 
is added to each well. The plate is agitated and the absorbance is read at 340 nm over 
various time intervals. The assay is run at room teiiq>eraturB. 

25 The assay conq)onents and ttie performance of the assay are optrmized together to 
match the overaU read time with the rate oflhetatgetprotem's ADP prod The 
read time should be long enougjh for the rate of NADH consumption to reach steady 
state beyond an initial lag time of several seconds. 

30 Examples: 

ATPase assay protocol 
Bacterially escpressed and purified HsKip3d M1-S357 protein was assayed for its 
microtubule-stimulated ATP-ase activity in a reaction buffer composed of 40 uM 
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MES/KOH pH6.8, 2mM MgCI2, ImM DTT,lmM EGTA, lOOuM ATP, lOuM 
paclitaxel, O.lmg/mlBSA, O.SmMNADH, LSmMphosphoenolpyravate, lactate 
dehydrogenase/pyruvate kiaase mix (Sigma, diluted 1:200 vhr final) and varied 
amounts of microtubules (from 50ug/ml to 24ng/ml). The reaction progress was 
followed up over time by monitoring absorbance of the reaction mix at 340nm using 
miciotitOT plate iiBader(SpectraMAX340, Molecular Devices toc^ The rate of the 
absorbance change was converted to uM NADH oxidized per second by referencfaig it 
to a set of standard NADH solutions of known concentrations. In this coupled 
ATPase assay conversion of one NADH to NADf rqxirts appearance of one ADP 
molecule, and as such reports a single turnover of HsKip3d ATPase. 
The data points were fitted to the Michaelis-Menten kmetic equation using the 
nonlinear fitting program GrafitC&ithacus Software Inc) The obtained fit indicated a 
Km for miarotubule stfanulation of 0.2 jiM and a kcat value of 26s"^ . 

Expression profOmg of HsKipSd 
A real time quantitative PCai assay (TaqMan™, Applied Biosystems) was developed 
to specifically measure HsKip3d mRNA levels m human tissues and ceU Imes m 
order to assess the biological fimction of HsKipSd. Previous studies have shown that 
Idnesins involved in mitosis such as human KSP are upregulated m tumor versus 
normal tissue and that their expression is correlated with the proliferation index of 
cells. Conv^ely, the expression level of kinesins not involved in mitosis is not 
correlated with proliferation or mitotic index. 

The expression profile of HsKip3d in various tissues is shown in Fig. 4. 
Abbreviations are as follows: 

CA: cancer 

NAT: Normal Adjacmt Tissue 

IMR90 65%: IMR90 cells harvested at 65% confluence 

IMR90 Fed: IMR90 cells harvested after being confluent for 4 days 

1MR90 Starved: IMR90 cells harvested after being conflumt and serum starved for 4 

days 

NT2 Undif : NT2 cells undiflFerentiated and proliferating 
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NT2 Dif: NT2 cells differentiated into post-mitotic neurons 
Y axis: relative level of expression normalized to HeLa cells 

HsKip3d expression was clearly upregulated in lung, colon and breast tumors (top 
5 graphs and bottom left graph, compare the NAT bar to the adj acent CA bar); the fold 
induction between the normal and tumor matched-pairs is indicated below each pair. 
HsKip3d expression is also correlated wifli the proliferation status of IMR90 and NT2 
cells. When IMR90 cells are kept confluent and/or s^nm starved, the number of 
proliferating cells decreases, as does Ihie expression level of HsKip3d (bottom tight 
10 bar graph, conqjare IMR90 65% with IMR90 Fed and IMR90 Starved). Similarly, 
eiqxression of HsKipBd is elevated in proliferating NTZ cells but dramatically 
decreases ^en these cells are fuUy difiE^rmtiated into post^ 
ri^bar gr^h, compare NT2 Undif withNT2 Dif). The eaq^ression profile of 
. HsKipBd indicates that it is involved in the cell division process. 

It is understood that fbe examples and embodiments described herein are for 
illustrative purposes only and lhat various modifications or changes in light thereof 
will be suggested to persons skilled in tiie art and are to be mcluded within the spirit 
and purview of this application and scope of the appmded claims. AU publications, 
20 patents, and patent applications cited herein are hereby incorporated by reference in 
their eoiiiety. 
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WHAT TS CLAIMED IS : 

1 . An isolated nucleic acid sequence encoding a microtubule 
motor protein, wherein the motor protein has the following properties: (i) the protein's 

5 activity includes microtubule stimulated ATPasfe activity; and (ii) the protem has a 
sequence that has greater than 70% amino acid sequence identity to SEQ ID N0:2 or 
SEQ ID NO:4 as measured using a sequence compaiison algorithm. 

2. An isolated nucleic acid sequence of claim 1 , wherein the 
10 protein specifically binds to polyclonal antibodies to a protem comprising SEQ ID 

NO:2orSEQIDNO:4. 

.3. An isolated nucleic acid sequence ofclaiml, wherein the 
nucleic acid encodes SEQ ID N0:2 or SEQ ID N0:4. 

15 

4. An isolated nucldc add sequence of claim 1, wherein the . 
nucleic acid has a nucleotide sequence of SEQ ID N0:1 or SEQ ID N0:3. 

5. An isolated nucleic add sequence of claim 1, wherein the 

20 nucldc acid selectively hybridizes under stringent hybridization conditions to SEQ ID 
NO:lorSEQIDNp:3. 

6. An expression vector comprising a nucldc add encoding a 
microtubule motor protein, wherein the motor protein has the foUowmg properties: (i) 

25 the pix)tein's activity includes microtubule stimulated ATPase activity; and (ii) the 

protein has a sequence that has greater than 70% amino acid sequence identity to SEQ 
ID NO:2 or SEQ ID N0:4 as measured using a sequence comparison algorithnL 



30 



7, A host cell transfected with the vector of claim 6. 

8. An isolated microtubule motor protein, wherein the protein has 
greater than 70% amino add sequence identity to SEQ ID NO:2 or SEQ ID N0:4 as 
measured using a sequence comparison algorithm. 
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9. An isolated protein of claim 8, wherein the protein specifically 
binds to polyclonal antibodies to HsKip3d. 

10. An isolated protein of claim 8, wherein the protein is HsKip3d. 

11. An isolated protein of claim 8, wherein the protein has an 
amino add sequence of SEQ ID N0:2 or SEQ ID N0:4. 

12. An isolated protem of claun 8, whwein the protdn q)ecifically 
binds to polyclonal antibodies generated against a motor domain of HsKipSd. 

13 . An isolated protem of claim 8» wherein the protein comprises 
son amino add sequaice of a HsEQpSd motor domain. 

14. A method for screening for modulators of HsKip3d, the method 

comprising the steps of: 

(i) providing biologically active HsKip3d, wherehi the HsKip3d has the 
foUowing properties: (i) activity including microtubule stimulated ATPase acti^vity; 
and (ii) sequence that has greater than 70% ammo add sequence idraitity to SEQ ID 
N0:2 or SEQ ID NO:4 as measured using a sequence comparison algorithm; . 

(ii) contacting biologically active HsKip3d with a candidate agent in a test and 
control concentration; and 

(iii) assaying for the level of HsKip3d activity, wherein the HsKips'd activity 
is selected from the group consisting of binding activity or ATPase activity, and 
wherein a change in activity between tiie test and control concentration indicates a 
modulator. 

15. A method of claim 14, wherem the screening occurs in a multi- 
well plate as part of a high-throughput screeru 

16. A method of claim 14, wherein the biologically active HsKip3d 
comprises an amino acid sequence of a HsKip3d motor domam. 
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17. A compound that modulates HsKipSd, wherein said compound 
is identified using the method of Claim 14. 

18. An isolated nucleic acid comprising a sequence which has 
greater than 60% sequence identity with nucleotide SBQ ID NO: 1 or SEQ m NO:^^ 
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Figure lA 

HsKipSd FuU-Lengfb Nucleotide Sequence 

atgtctgtcactgaggaagacctgtgccaccatatgaaagtagtagttcgtgtacgt 
ccggaaaacactaaagaaaaagcagctggatttcataaagtggttcatgttgtggat 
aaacatatcctagtttttgatcccaaadaagaagaagtcagttttttccatggaaag 
aaaactacaaatcaaaatgttataaagaaacaaaataaggatcttaaatttgtattt 
gatgctgtttttgatgaaacgtcaactcagtcagaagtttttgaacacactactaag 
ccaattcttcgtagttttttgaatggatataattgcacagtacttgcctatggtgcc 
actggtgctgggaagacccacactatgctaggatcagctgatgaacctggagtgatg 
tatctaacaatgttacacctttacaaatgcatggatgagattaaagaagagaaaata 
tgtagtactgcagtttcatatctggaggtatataatgaacagattcgtgatctctta 
gtaaattcagggccacttgctgtccgggaagatacccaaaaaggggtggtcgttcat 
ggacttactttacaccagcccaaatcctcagaagaaattttacatttattggataat 
ggaaacaaaaacaggacacaacatcccactgatatgaatgccacatcttctcgttct 
catgctgttttccaaatttacttgcgacaacaagacaaaacagcaagtatcaatcaa 
aatgtccgtattgccaagatgtcactcattgacctggcaggatctgagcgagcaagt 
acttccggtgctaaggggacccgatttgtagaaggcacaaatattaatagatcactt 
ttagctcttgggaatgtcatcaatgccttagcagattcaaagagaaagaatcagcat 
atcccttacagaaatagtaagcttactcgcttgttaaaggattctcttggaggaaac 
•tgtcaaactataatgatagctgctgttagtccttcctctgtattctacgatgacaca 
tataacactcttaagtatgctaaccgggcaaaggacattaaatcttctttgaagagc 
aatgttcttaatgtcaataatcatataactcaatatgtaaagatctgtaatgagcag 
aaggcagagattttattgttaaaagaaaaactaaaagcctatgaagaacagaaagcc 
ttcactaatgaaaatgaccaagcaaagttaatgatttcaaaccctcaggaaaaagaa 
^atcgaaaggtttcaagaaatcctgaactgcttgttccagaatcgagaagaaattaga 
caagaatatctgaagttggaaatgttacttaaagaaaatgaacttaaatcattctac 
caacaacagtgccataaacaaatagaaatgatgtgttctgaagacaaagtagaaaag 
gccactggaaaacgagatcatagacttgcaatgttgaaaactcgtcgctcctacctg 
gagaaaaggagggaggaggaattgaagcaatttgatgagaatactaattggctccat 
cgtgtcgaaaaagaaatgggactcttaagtcaaaacggtcatattccaaaggaactc 
aagaaagatcttcattgtcaccatttgcacctccagaacaaagatttgaaagcacaa 
attagacatatgatggatctagcttgtcttcaggaacagcaacacaggcagactgaa 
gcagtattgaatgctttacttccaaccctaagaaaacaatattgcacattaaaagaa 
gccggcGtgtcaaatgctgcttttgaatctgacttcaaagagatcgaacatttggta 
gagaggaaaaaagtggtagtttgggctgaccaaactgccgaacaaccaaagcaaaac 
gatctaccagggatttctgttcttatgacctttccacaacttggaccagttcagcct 
attccttgttgctcatcttcaggtggaactaatctggttaagattcctacagaaaaa 
agaactcggagaaaactaatgccatctcccttgaaaggacagcatactctaaagtct 
ccaccatctcaaagtgtgcagctcaatgattctcttagcaaagaacttcagcctatt 
gtatatacaccagaagactgtagaaaagcttttcaaaatccgtctacagtaacctta 
atgaaaccateatcatttactacaagttttcaggctatcagctcaaacataaacagt 
gataattgtctgaaaatgttgtgtgaagtagctatccctcataatagaagaaaagaa 
tgtggacaggaggacttggactctacatttactatatgtgaagacatcaagagctcg 
aagtgtaaattacccgaacaagaatcactaccaaatgataacaaagacattttacaa 
cggcttgatccttcttcattctcaactaagcattctatgcctgtaccaagcatggtg 
ccatcctacatggcaatgactactgctgccaaaaggaaacggaaattaacaagttct 
acatcaaacagttcgttaactgcagacgtaaattctggatttgccaaacgtgttcga 
caagataattcaagtgagaagcacttacaagaaaacaaaccaacaatggaacataaa 
agaaacatctgtaaaataaatccaagcatggttagaaaatttggaagaaatatttca 
aaaggaaatctaagataa 
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Figure IB 

HsECq>3d Full-LeDgtti Amino Add Sequence 

msvteedlchlnn kvvv r v rpentkekaagfhlcvvhvv^^^ 

kttn^vikkcpikdlkfvfdavfdetstqsevfehttkpilrsflngynctvlayga 

tgagkthtmlgsadepgvnyltailhlykcnuielkeekicstavsylevyiieqirdll 

vnsgplavredtgkgwvhgltlhqpksseeilhlldngnknrtghptdmaatsBrs 

havfqiylrqqdktasinqnvriakmslidlagserastsgakgtrfvegtninrsl 

lalgnvinaladskrknqhipyrnskltrllkdslggncqtimiaavspssvfyddt 

yntlkyanrakdiksslksnvlnvnnhitqyvkicneqkaeilllkeklkayeeqka 

ftnendqalclmi.snpqekeierfqeilnclfqnreeirqeylklemllkeneiksfy 

qqqchkqieirancsedkvekatgkrdhrlanaktrxsylekrreeelkqfdentnwlh 

rvekemgllsqnghipkelkkdlhchhlhlqnkdlkaqirhmnKUaclqeqqhrqte 

avlnallptlrkqyctlkeaglBnaafesdfkeiehlverkkvwwadqtaeqpkqn 

dlpgisvlmtfpqlgpvqpipccsssggtnlvkiptekrtrrklrapsplkgqhtlks 

ppsqsvqlndslskelqpivytpedcrkafcpipstvtlinl^sBfttsfqaissnins 

dnclkmlcevaiphnrrkecgqedldstfticediksskcklpeqeslpndnkdilq 

rl«ipssfstkhsii5)vpsravpsytnamttaakrkr]id.tBStsnssltadvnsgfakrvr 

qdnssekhlqenkptmehkmickinpBmvrkfgrniskgnlr 
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Figure! 

HsKipSd Motor Domain 1-357 Nucleotide Sequaice 

atgtctgtcactgaggaagacctgtgccaccatatgaaagtagtagttcgtgtacgt 

ccggaaaacactaaagaaaaagcagctggatttcataaagtggttcatgttgtggat 

aaacatatcctagtttttgatcccaaacaagaagaagtca^ttttttccatggaaag 

aaaactacaaatcaaaatgttataaagaaacaaaataaggatcttaaatttgtattt 

gatgctgtttttgatgaaacgtcaactcagtcagaagtttttgaacacactactaag 

ccaattcttcgtagttttttgaatggatataattgcacagtacttgcctatggtgcc 

actggtgctgggaagacccacactatgctaggatcagctgatgaacctggagtgatg 

tatctaacaatgttacacctttacaaatgcatggatgagattaaagaagagaaaata 

tgtagtactgcagtttcatatctggaggtatataatgaacagattcgtgatctctta 

gtaaattcagggccacttgctgtccgggaagatacccaaaaaggggtggtcgttcat 

ggacttactttacaccagcccaaatcctcagaagaaattttacatttattggataat 

ggaaacaaaaacaggacacaacatcccactgatatgaatgccacatcttctcgttct 

catgctgttttccaaatttacttgcgacaacaagacaaaacagcaagtatcaatcaa 

aatgtccgtattgccaagatgtcactcattgacctggcaggatctgagcgagcaagt 

acttccggtgctaaggggacccgatttgtagaaggcacaaatattaatagatcactt 

ttagctcttgggaatgtcatcaatgccttagcagattcaaagagaaagaatcagcat 

atcccttacagaaatagtaagcttactcgcttgttaaaggattctcttggaggaaac 

tgtcaaactataatgatagctgctgttagtccttcctctgtattctacgatgacaca 

tataacactcttaagtatgctaaccgggcaaaggacattaaatct 
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Figure 3 
HsKip3d Motor Domain 1^357 

MSVTEEDLCHHMKV\n^WPEOTlCEKAAGFHK\n7H^ 

KTTNQN\n:KKQim)LKPVFn^^ 

TGAGKTHTMLGSADEPGVimiTMLHLYKa^ 

WSGPIAVREDTQKGVVVHGLTmQPKSSEEILHI^ 

HAVPQIYLRQQDKTASINQNVRIAimSLIDLAGSERASTSGAI^ 

IJUjGimNALADSKRKNQHIPYRNSKLTRI^^ 

YNTLKYANRAKDIKS . 
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